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ABSTRACT

A theoretical development and associated digital computer program
system for the dynamic simulation and stability analysis of pas-
sive and actively controlled spacecraft is presented. The dynamic
system (spacecraft) is modeled as an assembly of rigid and/or
flexible bodies not necessarily in a topological tree configura-
tion. The computer program system may be used to investigate
total system dynamic characteristics including interaction effects
between rigid and/or flexible bodies, control systems, and a

wide range of environmental loadings. Additionally, the program
system may be used for design of attitude control systems and for
evaluation of total dynamic system performance including time do-
main response and frequency domain stability analyses.

Volume I presents the theoretical developments including a des-
cription of the physical system, the equations of dynamic equi-
1ibrium, discussion of kinematics and system topology, a complete
treatment of momentum wheel coupling, and a discussion of gravity
gradient and environmental effects. ’

The development of synthesis and analysis techniques for the
linearized system includes a discussion of the numerical linear-
ization technique, procedures for definition of system transfer
functions, and linear time domain response.

Volume II is a program users' guide and includes a description of
the overall digital program code, individual subroutines and a
description of required program input and generated program out-

put.

Volume III presents the results of selected demonstration prob-
lems that illustrate all program system capabilities,

Volume IV contains a listing of the digital code.






PROGRAM SYSTEM OVERVIEW

—--—-——_---—..—.-—---_—_-—--—-—_-———-u—_-_-_-—--—----—-_--——-—-———

This volume is intended to provide the reader with sufficient
understanding of program system DISCOS*and its capabilities so
as to permit a user to employ the program as a basic tool to
analyze the behavior of a wide range of dynamical problems.
Specific emphasis will be on a simulation for multiply-inter=-
connected spinning elastic bodies responding under the combined
influences of external environments and either active or pas-
sive control.

INTRODUCTION

The simulation employs a state-space approach that was developed
in detail in Volume I.. The state-space formulation provides an
attractive basis for simulation of nonlinear dynamical problems
in a general sense as well as permitting linearization of the
governing equations to provide an additional foundation with
which to evaluate frequency domain and linearized time domain
characteristics.

An attempt has been made to relieve the user from the require-
ment of having to communicate with the digital program via large
amounts of bulk data input. Although the program has many op-
tions. available, the program data stream has been organized to
require only a minimal amount of basic input data for a particu-
lar simulation. The data requirements have been further consol-
idated in a manner that is quite definitive for the physical
system being simulated. In summary, the user can quite easily
relate to the particular elements of the program requirements
and thus minimize setup time required to prepare data input

for a given problem. 1In addition, a set of self-checking fea-
tures has been included in an attempt to identify and check
certain compatabilities that are necessary for a proper simu-
lation of a physically realizable system.

In an overall scnse, the digital program can be employed by the
user to obtain ' '

1. nonlinear time response,
2. interaction constraint forces,

*
Dynamic Interaction Simulation of Controls and Structure
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interfaced in lieu of connected

3. total system resonance properties,
4. frequency domain response and stability information,
5 linearized time response.

The program outputs consist of printed and plotted results de-
picting

1. dynamic model construction,
2. time domain response,
3. frequency domain characteristics.

The printed outputs are of a fixed form while the user controls
the plotted information through the input data stream.

SIMULATION OVERVIEW AND NOMENCLATURE

This discussion identifies the basic nomenclature used to syn-
thesize a typical assembly of interconnected bodies. The
theoretical development, program users' manual, and demon-
stration problems make extensive reference to various termin-
ologies that are clarified here. Figure I.B-1 provides a visual
display that illustrates many of the items being discussed and
will be repeatedly referred to in the ensuing discussions,

The overall system 'topology" is identified by the user via the
input integer array ITOPOL that contains the necessary informa-
tion describing which "hinges' interface which bodies. Each
body contains a body reference point that is the origin of an
orthogonal cartesian body axis system., This point need not
coincide with the body center of mass. ' -

Con;iggdus "bodies" éggiinééffééed'ﬁhfgﬁghiéfﬁbihggﬁfi'Wefséyf
to emphasize the fact that the

common ''hinge' point between contiguous bodies may actually
permit relative translational motion of the two bodies at the
hinge. The degree of fixity at the hinge is identified by the
user via the input integer array IHDATA, A typical body may
contain "sensor' points that identify particular points where
additional information is required to complete the desired
simulation. A sensor point might sense on position or rate

for the control system inputs, but could also represent a point
on a body where certain other information is desired, such as a
momentum wheel location or a point of force/torque application.




11 I Voo "

TIPLAL MILTINGEY COMFLOUMATISN
—

Sdy Rataremce Potnt
sga Fotne

L]
[

Samacr Patec
& Tt hast

teertial Saferamce

1 All aomesrem wheals et
alsa nave & tewsor polut,

1. Bedy | muav sivays be
von1cionad eolutivn t
the tvartial cofmromce

3 Winge 1 is aluays becwwm |
Sefe T wmd the inertial
refaraace

TIPICAL TNO OTT/WINGE POIXT N

Bodv @ Refesunca
hais tex

1. Elon af the  take 3w Boly & 4 meescel elacive 1o
the g Tra o Botv m,

| T 7 amd g frases are poritioued vieh teapact (e By
= and o rofarance auts avatews.

3 Minpe ! e teemnt

Arear THIAT~ - sncatio af i

At 4 ares 1TOWH,

imal Vinge {afarmetioa, |

SimuATION 3 g

Tapelogy. 5L

il

oty Sody n hax {rmm g

DERY I

Campie: lafar (o “olumn 3 (Ringe if and
ate Bady « tmcarfacas vitn Ao
Ut tinge 8.

S 2t Eiaviic Hadar/body, Sie | s W

Lampla: fody e, 4 2 aisstic ecdes,
gy ¥o. | has wo alastis modes

Semsur Foiut Locartons, e « 1 3 %

IXEREK])

Trspte. e

or Tatnt 73> 14 locatad on Bedv ¢
o are e retms 3 oot G

Hlage Iniormatian, siie = T a W

L3165 e iings v

1 ITIPE « luler Type

1. Uemsaws 11 rova 1-7 faeaniil
Aage oeserelat tv

0: rced
1i Tiaed Cosacrabng
‘Zers relatioe celg.ire
1 Sasmaaian
Time jependenc]

tionsl Remarus

e umaT Of Setes i4 Ihe itarr
al “rmrow” plus tha s
fracloding row i1 10 the

~em toonetratatsl
~urter of "nroon

gt i the etaw
bl SMusentum (el Informaific, ise v o2 P s
IR
$1 ) e Cnertum Jhed] Y
31 = | vener Patne s
s ! - Spin R A
E]_.‘_’_Q - matat L awd
. - e iatria
L | e G L

XIrTVOD ¥00d IO

ST @ovd JIVNIDINO

DULER ARGUL PENUTATIN CANDIDATES ITTPE

34562 8le 2

2
3t dotatien 111';111:31 )
:2))I)lA|'Il 1
'

11122323 51

194 dotaitiin
Ld tertsa

Caample; Letag iTTPE - &

.
iy

+) abeut ante 2 o; shout axis 3
n] fes|af-sq |5 19) ferfc [+ [m
Ple [01]2 S| G w 404 ]9 D
i Lei] ol aloe nle e a,
alse

PRI

COMSILIOATISN b CINLMTL AL (QEFPIIIIATR

IThe W Laetfluients,

T4 Petae

1. N fe 4 retation commtecmiion tom
¥ ba ) o the i cefarwce treme

p—al, R e e

1 30 u tranefommrion relactu uler
rauax oo bedy ames prafeccieme uf
he mugular velocity wacter,

| L% 4 adel ekape mmerls An the §
trew

16 & @dal dollection wadtis fa the
L (reas,

«
vector 1t ) in [he LUh fraer.

1 et fie !
() (AL

Teoron REN

vhers 8}

by !
[ .
B l|',

. 1o jm—F: chis exsmpla, presrived

il
i

Fgure 1.B-2 Similation







The integer input array IFTSMW identifies the body, where a
particular sensor point is located.

A body may also contain "momentum wheels'. This special con-
sideration accommodates a disk or rotating mass with a single
relative rotational degree of freedom into the simulation with-
out introducing another body. The momentum wheel capability is
more efficient for the simulation of a single degree of freedom
rotating mass than is constraining 5 of 6 rigid body degrees of
freedom via constraint equations. All momentum wheels must
have an associated sensor point. A wheel may either be active
or constant speed; an active wheel has a variable spin rate and
receives an input torque (generally via some sensor output re-
lationship) and a shaft torque is applied to the wheel inducing
a wheel angular acceleration. The array IMO identifies whether
or not the wheel is active, and which axis is the spin axis.
The reference axis for the wheel is the same as the sensor
point axis system where the wheel is located. The array AMO
identifies the wheel spin rates (initial rate only for the ac-
tive wheel) and the wheel spin inertia about the spin axis.

The system state vector is arranged in a specific manner within
the program and it is necessary for the user to be very familiar
with this arrangement for a number of reasons. First, the user
must know where certain variables are located so that he can
couple the control law into the simulation, and secondly, the
user must know the order of the state variables in order to
interpret results. Figure I.B-1 presents the state variable
order consistent with the illustrative problem and other re-
lated information. The state variables shown do indeed repre-
sent a typical arrangement in that all of the various types of
variables resulting ‘from the multiple options available within
the simulation are present. The order of the constraints (1)

is also noted. Note that the user introduces the control varia-
bles into the state vector but these variables (8) will always
appear after the betas (B). Furthermore, the user may also in-
troduce auxiliary variables (plant sensor signals and control
system outputs) for use in the linearized studies. These auxil-
iary variables should be placed (by the user) after the control
variables (8) and in the order: plant sensor signals (Xgg)
followed by the control system outputs (B).

I-5



I1-6

GENERAL USAGE INFORMATION

There are a number of guidelines that must be adhered to in
setting up a particular simulation. Some were detailed pre-
viously and are concisely summarized here:

1.

10.

there must be at least two bodies; a single body problem
is simulated by including a dummy body that is not con-
nected to the body to be analyzed;

body no..1 is always positioned relative to the.inertial
reference;

bodies are numbered from 1 to NB in an arbitrary order;

every body (except body 1) must have at least gne hinge;
body 1 must have at least two hinges;

hinges are numbered from 1 to NH in an arbitrary order but
hinge no. 1 is, by definition, the hinge on body 1 between
body 1 and the inertial origin; hence, hinge no. 1 can only
appear on body 1;

there must be at least one sensor point for a given simula-
tion;

sensor points are numbered from 1 to NS in an arbitrary
manner;

a typical flexible body requires mass and modal data that
reflects a coordinate system that, is consistent with the
body axis reference system for that body, e.g., a modal
coupling approach establishing modal properties for a given
body would have to use the same reference body axis system;

for frequeney domain studies, there can only be as many con-
trol output variables identified to introduce into the state
equations as there are control system variables to begin
with. Similarly, there can be no more sensor signal varia-

“bles identified than plant variables which appear in the

original independent state equations.

the user must make certain that the user supplied package
has dimensions consistent with NHMAX for the arrays



SK(NSK, NHMAX), DK(NDK, NHMAX), and HNGT (NHT, NHMAX)

where  NHMAX = dimensioned maximum number of hinges,

NSK = 3 or 6 depending upon nature of hinge free-

dom,

NDK = 3 or 6 depending upon nature of hinge free-
dom,

NHT = 3 or 6 depending upon nature of hinge free-

dom,

and if rotation only, then NSK = NDK = NHT = 3, if rotation
and translation, then NSK = NDK = NHT = 6;

11. the inertial properties of all the momentum wheels in a
particular body must be included in that body's inertia
description (whether rigid or flexible) since inertial
coupling is used.






II. PROGRAM SEGMENTATION
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The digital code has been segmented into an executive overlay
which governs the succeeding program flow and fpur supporting
primary overlays, each with a separate and dedicated purpose.

The basic program flow is depicted in Figure II.A-1.

MAIN

[

DYNS10

1

DYNS20

MSMODC MSMODL

Figure II.A-1.

I

DYNS30

DYNS40

DISCOS Program Segmentation

I1-1
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Table IT.A-1 summarizes the intended purpose of the fundamental
components in the program structure.

Table I1.A-1 DISCOS Overlay Description

Primary Ovcrlays

Scgment Name Purpose

MALIN Executive program control
DYNS10 Data input

DYNS20 Simulation of problem, lineari-

zation of state cq's, nonlinear
time response

DYNS30 Plot results from nonlinear or
linecarized time response

DYNS40 Frequency domain analysis, linear-
ized time response, frequency domain
displays, (Bode, Nichols, Nyquist,
Root Locus)

Secondary Overlays (called from DYNS10)

MSMODL Flexible body data inputs for i
lumped mass representation '

MSMODC ) Flexible body data inputs for
consistent mass representation !

H

J

The executive overlay (MAIN) initiates the simulation by read-
ing job identification information and then passes control to
the first primary overlay (DNYS10) which represents the basic
data input segment. This overlay may be viewed as the program
segment which builds the model from the input data. A series

of topology checks are made as the data is loaded within this
overlay to better assure proper modeling of the physical system.
This overlay utilizes two additional secondary overlays for pro-
cessing certain types of inertial and modal data.



After overlay DYNS10 has structured the basic data for simula-
tion, control is returned to the executive overlay which in
turn passes control on to the second overlay DYNS20. This
overlay performs the actual problem mechanization and develops
the nonlinear formulation which is the foundation for the en-
tire dynamic simulation program.

During a given simulation, the executive overlay always calls
both the first and second primary overlays (DYNS10 and DYNS20)
but, depending upon certain input control parameters, may or
may not call the time history plot overlay DYNS30 or the lin-
earized system analysis overlay DYNS40.

Simulation of a particular problem has its basis within the
algorithms contained in the program subroutine YD@T which es-
tablishes the canonical first-order differential equations that
govern the dynamical motion. This routine in turn addresses
another subprogram TPRQUE which in turn activates the user
supplied modules that relate to the particular simulation being
considered. These modules are discussed in further detail in a
following section.

1I-3






I11I. DELINEATION OF USER-SUPPLIED MODULES

--——--—-_-_-___.-.._-—_----_----__--___----—-—-—_-_—_—-_..—..-_-.._--

The program has been written under the assumption that certain
user-supplied modules are available to complete a given problem.
In this manner, the user has considerable latitude with regard
to how certain particulars related to a given simulation are to
be handled. Control law specification, external torque inputs, and
identification of plant sensor signals and control system out-
puts are examples of items handled by the user. With this con-
cept in mind, several subprograms have been placed under user
control but with certain restrictions and guidelines to which
the user must adher. Later comments will identify certain re-
quirements associated with these user supplied modules.

LOGIC FLOW

-

It is worthwhile to consider a flow chart segment of the pro-
cram (Figure III.A-1) and its chronology within the solution
process. The order which the uscr supplied modules are called
is indicated by the integers 1 through 7 (for subroutines) and
8 and 9 for functions.

I1I-1



MAIN — 8 —a ADT * User-Supplied Subroutines
-1
' .
DYNS20 7 +| YDPT -»| TPRQUE - . —
\ —~ 4 —— KHINGE
T

) 9=+ ADDT — 6 EQADD

N;;:\\\\\‘
linear Yes o

analysis [}
?
No
[ Linearize %
' system. User-Supplied Functions
DYNS40

Perform
transfer function

analyses.

Linear
time
response
2

User-Supplied Subroutine

LTRESP | YDPTL 7 == LTPRQL

Figure III.A-1 Chronology of Addressing User-Pak

111-2



SPECIFICS RELATED TO USER-SUPPLIED MODULES

The separate uscr supplied subprograms each have specific in-
tended purposes and have been coded to fulfill these goals.

The user can extend the scope of any of these modules with his
own code, but there are certain items that these routines must
perform. In any case, the potential user should be very famil-
iar with many of the details of the user supplied package, and
it is with this fact in mind that a separate discussion will
now be devoted to ¢ ¢ . of the user supplied modules. Reference
will be made to some of the programming logic contained in the
DISCOS subroutine TPRQUE, and so this logic has been put into
flow chart form as Figure III.B-1. Also, for reference pur-
poses, the seven user-pak subroutines and two subfunctions
(ADT, ADDT) are included in Appendix B corresponding to typical
situations.

I1I-3



TORQUE

CALL C¢NTRL

CALL EXT@R

No

Add external
torques to {G}

CALL SHAFTT

CALL KHINGE

CALL GMISC
Add to {G} -
[Ql {p} - (k] ({&} - {Eo})
- [c] {&}
|
Add to {G} -
-{n) {U} + %(ij[m,j] {Ug

|

CALL EQADD

Creates external torques/forces

Hote: {G} is force/torque
vector ~ RHS of equation
of motiomn

Adds momentum wheel shaft
torques to {G}

Adds hinge spring torques to {G}
and sums spring energy to
potential energy

Gets Af due to thermal
environment

Now have RHS of equations
of motion

Creates additional equations
for similarity transformation
(used in linearization and
stability package)

Figure III.B-1 Subroutine TPRQUE Flow Diagram
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CONTRL

This is the first of the user-supplied routines and is always
called by DYNS20. The primary purpose of CPNTRL is to esta-
blish the time derivatives of the control system variables.
These variables may be required by some of the other user rou-
tines that are activated after CPNTRL has been addressed. The
routine must also establish the number of plant sensor signals
(NXSS) and the number of control system outputs (NBTQ) which

are transmitted through common block (/LDSIZE/) to the remainder
of the program. For transfer function studies, the user is also
required to identify whether or not transfer function poly-
nominals are to be utilized. This is accomplished in a data
statement (in CONTRL) with the variable NPLY which is the num-
ber of polynominal ratio pairs (numerator and denominator) to

be utilized. The first call to CONTRL will read in the poly-
nominal coefficients (for NPLY # 0).

Subroutine CONTRL contains a good deal of information pertain-

ing to the simulation by virtue of its common blocks. Section

C identifics the constiuents of the common blocks contained in

this and other modules. Additional common blocks can be esta-

blished by the program user to transfer information between the
separate user-pak modules.

EXTOR

This subroutine escablishes the system external torques.
Typically, this module can be utilized to accommodate such
items as RCS (Reaction Control System) forces and torques,
aerodynamics, and/or solar wind. The user can also extend

this routine to include the addition of other state dependent
torques. In summary, EXI@R, can be used as a "catch all" for
inclusion of any additional forces and torques acting on the
svstem. A single call to EXTPR from subroutine TPRQUE esta-
blishes an integer array (ISNP) whose elements identify which
scnsor points are to be used for force/torque inputs. A vector
containing torque and force components (ordered: T, T, T,,
Fo» Fy, F,) is then cstablished for each of the force/torque
sensor points and placed as a column into the array TEX. The
veetor of discrete [orces and torques (referred to the local
sensor-axis system) is returned to subroutine TPRQUE from
EXTPR. Thesc forces and torques are then transformed and added
to the total system external force/torque array {G} . The user
can bypass EXTPR rclated calculations by sctling the variable
NTEX cqual to zero.

I1I-5
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SHAFTT

This routine cstablishes the shaft torque for each of the non-
constant speed momentum wheels. Zeros are inserted for the
torque contributions to the external torque vector for a con-
stant speed wheel,.

KHINGE -

This routine sets up hinge spring and dashpot torques/forces.

It also accounts for potential energy contributions due to hinge
spring deflections. The user must identify where spring rates
and dashpot constants are to be found. This can easily be
handled by a user specified equivalence statement within sub-
routine KHINGE to locate the leading stiffness and damping
elements within the data block identified as CNTDTA. Note:
within subroutine KHINGE (see subroutine listing, Appendix B)
there are statements of the following form

DIMENSION SK(3, NHMAX), DK(3, NHMAX), HNGT(3, NHMAX)

DO 10 I=1,3
Do 15 I=1,2

DO 20 I=1,3

where the integer 3 reflects the fact that consideration has
been restricted to admitting only rotational springs at each
hinge. If the user wants to also include springs/dashpots in
relative translation at the hinge points, the three (3) in the
statements above must be changed to a six (6), and appropriate
spring rates and/or dashpots included within the data input
array CNTDTA. Further, the equivalence statement locating the
first spring rate (SK(1)) and dashpot constant (DK(1)) reflect
an order that is consistent with the hinge ocrder; that is the
first three elements in CNIDTA starting with the location cor-
responding to the leading element of SK represents in order K¢,
Kgy, K93 for the first hinge. A similar relationship exists



for the array DK.
Example: In KHINGE note that
EQUIVALENCE(CNTDTA(K),SK(l)),(CNTDTA(L),DK(I))

and the array CNIDTA would by

CNIDTA = . . . Ky Kgy Kgy - - - Kg; Kgy Koq
———— e i —m—
element (K) Hinge 1 Hinge NH
(springs) (springs)
element (L)

.. Cgy Cg, Coy - - - Coy Cg, Cpy -
Hinge 1 Hinge NH
(dashpots) (dashpots)

vhere the order of 6; o 3 is consistent with the Euler rotation
m_I

type (1-12) for the hinge "g'" triad.

The remainder of KHINGE is concerned with the proper placement
of the spring/dashpot forces and torques onto the composite NB
bodies (generalization of forces and torques) and should remain
unchanged. ‘

The user can modify the referenced torques and forces immediate-
ly after the (D¢ 10 L=1,NH) loop if he desires, but care must

be taken to assure that the proper force or torque is correctly
applied to accomplish the desired result. Several of the de-
monstration problems (refer to Volume II1) employ this process
to apply control system outputs.

GMISC

This routine is reserved to implement torque/force contributions
from thermal gradient effects. The entire state vector, along
with component position and attitude information, is available
via transfer through labeled common arrays. Section C provides
more insight into the information contained in these common
blocks.

EQADD

This routine establishes additional equations for use in the
linearized time domain analyses. It must identify the number

I11-7



1I11-8

of additional equations introduced via the variable NAUX (num-
ber of auxiliary equations). These equations relate plant
scnsor signals, X&s and control system output forces/torques,
BL, to the system state and in the specified order. The addi-
tional variables must be placed in the state vector as the last
NAUX state variables and in the order, Xis , then BL and they
become an integral part of system transfer function evaluations.

LTPRQL

k
This routine establishes the bikU portion of the right hand
side of

.. 3 k
= J
z1 Aijz + bikU

which is used for the linearized time response. This corres-
ponds to the external excitations for the transformed variables,
z1l, leading to evaluation of the perturbation response.

ADT (Subfunction)

This function is used in conjunction with ADDT to implement
prescribed kinematical motion in the hinge coordinates. With
reference to Figure I.B-1, the array THDATA(L,J),I> 1, may have
2 as an entry indicating that the Jth hinge has velocity and
acceleration prescribed in that coordinate. The argument of
this subfunction is: ADI(IC,T), with IC=6%(J-1)+(I-1) corres-
ponding to IHDATA(I,J)=2. The integer IC and the time T are
passed into ADT via argument by the calling subroutine so that
the velocity (a) may be established for the proper hinge coor-
dinate as & function of time.

For a given rheonomic constraint, we note that both a and &
must be set by subfunction. Now, it is conceivable that the
user knows @ as the exact mathematical time derivative of «.
It would seem that the natural thing to do would be to create
ADT and ADDT subfunctions to return consistent a and & respec=-
tively. This is not the best thing to do, however, because of
numerical integration characteristics. The numerical integra-
tion of {U reflects the use of @, The resulting {U} reflects
a numerically integrated a which cannot be consistent with a
value obtained any way other than numerical integration. The
consequences of this are seen as slight errors in motion res-
ponse, but also, there is a large spurious change in system
momenta.



The best way to effect rheonomic constraints is to use values
of & obtained from numerically integrating a. This can be
easily done by using additional differential equatlons that

arc accommodated in the state vector as additional '"control
variables' or {8 . Thus, after all of the actual control varia-
ble rates are established (in subroutine C@PNTIRL). one need only
code additional expressions to set §(additional) = o (desired).
The statements within subfunction ADT merely return ADT=Y(K);
the state vector Y is available in labeled common /VECTOR/, and
K corresponds to the location in Y where the & = a control var-
iable resides. Of course, IC must be tested such that the
appropriate a =§ is returned.

ADDT (Subfunction)

This function is discussed with regard to its relationship to
ADT in Section (8) above. This function has arguments:

ADDI (IC,T), exactly the same as ADT, and returns values of a
for appropriate IC and T consistent with the « returned by ADT.

Note in Figure IIIL.A-1, the chronology is such that subroutine
CPNIRL is addressed prior to function ADDT, This is so that

CONTRL can establish a value of &8(additional) = % (desired)

to put in the state vector time derivative (¥DT, also available
in labeled common/VECTOR/). Now, for the appropriate time T
and IC, it is only necessary to set ADDT=YDT(K), where again K
corresponds to the location in Y where the & = & auxiliary con-
trol wvariable resides.

DISCUSSION OF SELECTED COMMON BLOCK INFORMATION

The program user will very often have a need to access certain
information that is calculated and stored within the program in
order to compute specific variables required for the user sup-
plied modules. Such information about the simulation 1is stored
in multi-dimensional array form within labeled common blocks.
These data provide a good supplement to the state variable con-
tent which has becn previously discussed in that the user can
extract both total and relative positions and rates for any
component of the simulated dynamical system once he has a firm
understanding of where ccrtain data reside within the program.
The following subscctions will discuss selected common block
arrays to better familiarize the potential user with their con-
tent,

I1I-9
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1. Common block/BHBSRD/ contains three separate groups of in-
formation which the user may need to access. This information
is concisely summarized in double and/or triple subscripted
arrays as

BS(6,6+NMDBOD,NSPMAX)

ROL (3, 3,NBMAX)

DOL (3,NBMAX)

where the following items are noted -

NMDBOD = maximum dimensioned number of modes per body,
NBMAX = maximum dimensioned number of bodies,
NSPMAX = maximum dimensioned number of sensor points,

The array, BS(i,j,k), contains the kinematical coefficients for
all of the "sensor' points. The rows (subscript i=1,2...6) of
the array refer to (in order: oy, wy, wz, u, v, W) the com-
ponents of absolute angular and translational velocity (sensor
referenced) at sensor point k. The columns of the array {sub-
script j) refer to the j=1,2,...6 + no. of elastic modes on
body containing sensor point k. Thus, in general, if we want
to know the projection (the ith velocity component) onto the
triad located at sensor point k, the following expression is
noted

= BS(i.i . Tﬁ
Veli = (1,J1,...,JL,R)

The array, ROL(i,j,k) contains the rotation transformations
relating the body axis systems to the inertial reference. The
elements of the array are the direction cosines between the
body axes, gk,.and the fixed inertial system, @O. Subscript

k denotes the body number.

The array DOL(i,k) contains the three vector components, (X,
Y, Z), from the inertial reference to the body axis system, &y,
for each body.

2. Common block /SPECIF/ contains information which the user
mav require. These arrays are



BETAH(6 , NHMAX)

 BETAHD (6 ,NHMAX)

RS(3,3,2% (NSPMAX))
DS (3, 2% (NSPMAX))

where the following items are noted -

NHMAX

maximum dimensioned number of hinges,

NSPMAX = maximum dimensioned number of sensor points.

It

The arrays BETAH(i,j) and BETAHD(i,j) contain the hinge BETA's
and rates respectively (for hinge j). The order (i subscript)
is given as

[ ]

where éi is_the ith Euler angle rate consistent with ITYPE for
hinge j and Aj is the ith velocity component of point ¢ relative
to point p in the p frame for hinge j.

The array RS(i,j,k) contains the rotation transformations
(direction cosines) between the sensor point axis system and
the body axis system (body on which sensor is located). Two
sets of transformations are identified for a given sensor
point. The first represents misalignment of the two triads
without elastic dcformation and the second includes the elastic
deformation. The ordering (subscript k) proceeds as follows:
the £th sensor rotation (without elastic deformation) is located
at k = 2&@-1. The total rotation transformation for the [;h
sensor is located at k = 2*Z. For a rigid body, these two
transformations are identical.

I1I-11



The array DS(i,k) contains the three components of the vector
from the body axis system to the body sensor points (in the
body axis system). Here again, there are two sets of vectors
(rigid body and rigid body + elastic) for each sensor point.
The first is for rigid body and the second includes the elastic
deformation. The addressing algorithm is the same as for
RS(1,3,k). )

I111-12
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PROGRAM INPUTS

The dynamic simulation program utilizes some basic data input
subroutines in an attempt to standardize a large amount of the
bulk data input. Additional formatted inputs have been used
where it is more meaningful (and more efficient) to do so. As
will be noted in the following section, there is a large amount
of data input via subroutines READ and READIM, Therefore, it
is useful to familiarize the reader with these two routines
prior to describing overall program data input requirements.

DISCUSSION OF SUBROUTINES READ AND READIM

These two subprograms are structured to read matrix arrays in
floating point (real) notation (subroutine READ) or fixed point
(integer) notation (subroutine READIM). A thorough discussion
of the routines and their supporting subroutines is contained
in Appendix A, The following discussion gives a cutrsory over-
view of their usage.

The routines arc activated by a FORTIRAN call of the form:
CALL READ (A, -NR, NC, KR, KC) or
CALL READIM (IA, NR, NC, KR, KC)

where the arguments in the call statement are

A, (IA) = floating (fixed) matrix array of size NR by NC
NR = numberrgf rows in array

NC = number of columns in array

KR = row dimension of array in calling program

KC = ¢column dimension of array in calling program

A call to cither of these input routines requires that the data
be in the following format:

V-1
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Subroutinc READ

First card -~ matrix name, NR, NC with format (A6,I4,I5)
Middle cards - data with format (2I5, 4D17.8)

first 15 is row number

second I5 is colurn number of leading D17.8 field

next 4D17.8 are elements of the array

Last card - ten zeros in columns 1 through 10

Subroutine READIM

First card - matrix name, NR, NC with format (A6,14,15)
Middle cards - data with format (2I5, 14I5)

first 15 is row number
second I5 is column number of leading I5 field
next 1415 are elements of the array

Last card - ten zeros in columns 1 through 10
INPUT DATA STREAM

This section presents the program system input data stream
together with the data input control logic. The approach taken
herein is to first Introduce an overview of the data inputs and
program control logic in the form of a flow diagram (Figure
IV.B-1) and to then identify the details in much the same way
as the FORTRAN code accepts the data inputs. This method of
presentation has been chosen as it most closely relates to the
actual processing of the user inputs for a given simulation.

In addition, the user can follow the program control or switch-
ing logic to determine just what data are required to complete
a particular simulation.
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START

[Initialize Plot System 1
o -

]

es

rférminate Plot System J

No

Read TITLEl
Read TITLE2Z

[1nitialize Page Coung]

|

[Interrogate for Dat?AJ

Figure IV.B-1
Program System DISCOS
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[Title Card (1246)]
[Title Card (12A6)]

COMENT

Read IREMRK, IPGHD

RETURN

Read IRUNNO, UNAMEI[Run Tdentification, User's Name (A6, 4X, 3A6)]

[User's Comments
(1346, 1X, Al)]

Data Stream Flow (Sheet 2 of 3)



DYN= 10

ﬁ(ead NB, NI, NSPT, NOFMO, NDELTAJ [System Characterizing Parameters (1615 ]

r Read 1TOPOL j [Topology Description (READIM)]

| Read IRGFLX ][Elastic Mode Parameters (READIM)]

r Read IFTSMW —-J [sensor Point Locatiomns (READIM) ]

[ Read IHDATA _ |[Hinge Comstraint Data (READIM)]

[ Read BETAH __](Initial Body Orientations (READ)]

[

[ Read BETAHD _ ] [Initial Body Rates (READ)]

Momentum
wheels?

r Read IMO j [Momentum Wheel Data (READIM) ]

No F Read AMO ][Momentum Wheel Data (READ)]

r Read TMDATA J[Time History Integration Data (READ)]

r Read IPDATA J[Output Controls, Linearization Flag (READIM) ]

[ Read cnTDTA ~ Jicontrol Data (READ)]

[ read wv "] iGravity Gradient Data (READ)]
]
— =< for N = 1,2,..,N8] —
® See sheet 4.
@ See sheet 5.
@ See sheet 6.
[ caiL miciom  |@
| Read NTYPE '[lnertia Data Flag (1615)]
NTYPE = 1{ NTYPE = 2
@ | F@ I gglgmm PAGE I§
CALL MSMODL(N) CALL MSMODC (N)
[crur wsvont 0] L MHo0c D) OOR QUALITY

‘ RETURN l !
Figure IV,B-1

Program DISC05 Dacu Sirean Flow (Sheet S of 9) V-5



S |
MRIGID(N) !

NHB = No. of Hinges, Body N
NSB = No. of Sensor Points, Body N

Read V | [Mass, Geometry (READ)]

Read V {Inertias (READ)]

——><or I=1,2,...,NH3

Read NOH, ITYPE | [Hinge Number, Euler Rotation
Type (1615)]

Read V | [Euler Angles (8D10.3)]

Read DH | {Hinge Point Geometry (8D10.3)]

Any sensor
points?
(NSB > 0)

No

Read NOS, ITYPE |[Sensor Number, Euler Rotation
Type (1615)]

Read V | [Euler Angles (8D10.3)]

Read DS |[Sensor Point Geometry (8D10.3)]

RETURN




g=Al PU®B /=AY

(6 fo ¢ 200Yys) MO17 uweXIS PIDC SOOSIC weishs umifoud

MSMODL (N)

i

NHB = No. of Hinges, Body N
NSB = No. of Sensor Points, Body N

Read A

Read A

[Joint Masses (READ)]

[Joint Inertias (READ)]

———-<for1<=1,

2 |

Read A

0]

[Joint Static Moments, Geometry (READ)]

———-——————-—<<:?or K=1,2

-

. 6]

Read A

by

[Modal Displacements, Slopes (READ)]

—= forK=1,21

Read A

[Modal Stiffness, Damping (READ)]}

Read A

Read A

[Initial Modal Amplitudes (8D10.3)]

[Initial Modal Rates (8D10.3)]

, NHB |

—< for L=1, 2, :-
l

l Read NOH, ITYPE,

[Hinge Number, Euler Rotation Type, Joint

JOINT] Number (1615)]

Read WV

by

[-6°AT 2anfig

(NSB>0)

%

Any Sensor Points?

[Euler Angles (8D10.3)]

No

-———<for L=1, 2, -

, NSB]

[Read NOS, ITYPE,

Sensor Number, Euler Rotation Type, Joint
JOIN { ’
! T;]Number (1615)]

& Read WV

[Euler Angles (8D10.3)]

ORIGINAL PAGE IS

RETURN

Be

OF POOR QUALITY
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40§ 1p0YS,;
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WEEIIG DIDQ SONSIL wEi3 -

| MSMODC (N) |

Nli# = No. of linges, Tody N
NSB = No. ol Sensor Poiats, Body N

1

l Read [FRBM, IDTAK, IDIAD I [Control Integers (1615)]

Read Jv

Read A

Kead

Re ad

Read ()

Read OM2

Read HM2

Read JhOF

Nondiagonal
Modal Stilfness
ared Namping?

Read wM!

JTYE !

Read OM2

[Begree of Freedom Table (READIM) )

[Modal STeertion Vector (READIM) ]

[Mass Matrix (REAL) )

A ![Hodal Matrix (READ)]

toquare of faatural trequencies (READ) |

{Ruterence Taint Namber (1415);

Lketeronee toint Ceonetry (8010, 3) ]

Read —I; l [SCitine Matviy (i VY]

—

1

fModdal Namping Ratins (R Ay ]

Findtiai Moual Amplitudes (5n10.3)]

|tnitial »odai Rates (8D16. 3) ]

., Nnn]

[_"""“’ Nm'i,' ITYPE, JOINT li”lrl;'&’ Number, Euler Rotation Type, Jaint

Number (16105) ]

[Buler Anples (810 g)

— for b =1,2, -+, Nf:ﬂ

l Read NOS, ITYPE, JOINTJ[M"""” Number, Euler Rotation Type, Joint

Number (1615)]

Read M2

‘ RETURN |

[Euler Angles (4D10.3)]



DYNS20

CALL CONTRL

RETURN

CONTRL

First call?

Any polynomial
data?
(NPLY > 0)

No

—=< for K = 1,2,...,NPLY

CPLY

Read

Y

[Polynomial C
Data (READ)]

oefficient

Bl

RETURN

Figure IV.B-1

Program System DISCOS Data Stream Flow (Sheet 7 of 9)
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— =< for ISET = 1,2,...,NSET

| DYNS 30 I

[ REaD 1ctT1L ] [Master Plot Title (L0A8)]

[ﬁiRead NSETAAJ [Number of Subsets of Data to be Plotted (1615) ]

Any data
to plot?
(NSET > 0)

No

! RETURN g

(Number of Plot Variables, This Subset (16I5)]

[Vector of Global Locations of Plot Variables
on Plot Tape, This Subset (16I5)]

[Local Location of Independent Variable,

Read NCI, NCD, NGRID]
Dependent Variables, Number of Grids for

One Plot Time History (16I15)]

Reached end
of data for
this set?
(NCI = 0)

Yes

Read TITLI, TITLD, PTITLE

[Axis Titles, Plot Title [2(A8,2X),6A8]]

|

4

| RETURN l

Figure IV.B=-1
Program System DISCOS Data Stream Flow (Sheet 8 of §)
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* g

Read LNAM

[Branch Indfcator, Lincarized Time or
Frequency Response (20A4)]

Linearized
time
response?

Yes

| RETURN l

Note: NCYC = Number of transfer function cycles
was defined when LRY was read (NCYC > 0)

Skip this

cycle?

[Title for Transfer Function Identification (2044) ]

[Identification for Plot Display Modes (20A4)]

_w P = 1,2,...,5 I

Valid plot
display
identification?

Plot display
identification
request ing
root locus
display?

Read IJM | [Root Locus Plot Control (READIM)]

[Root Locus Control (READ)]

—

IRead FMIN, FMAX, DBMIN, DBMAX, AMIN, AMAX l [Frequency Response Control Data (6F10.0)]

l RETURN l
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*¥E SUMMARY OF SULF? RAOTATTION TYFES ®#3s

ITyPE  FERMUTATICN OFCER
1 (1,42,2)

4 {(142,1)

(4N

(1,3,1)
4 (1,3,2)
5 (2,7,1)
€ (2,3,2)
7 (2,1,2)
8 (2,1,3)
q C134142)

17 (341,3)

11 (2,2,3)

1?2 (2,241}

l‘ll-l-llnDPP umb‘)H( AHTJD*D‘ Nn ZTQ ﬂ‘ 7T.7\DKy

MATRIX SI2Z 7 RY Mk T0 NEFTNE HTAGE FPCTNT
CCNSTFAINY NATA

FLCP THC JTH HINGE -

THCATA(1,J) = FULEF ROTATICN TYFE TC CCTFNT N=-TOIAQ
WRT T0 P=-TRTAQ AT HINGF J (ITYOF)
THCATE(2,JY = KFINGE CCASTRATAY TYEF THETYA 1 FATATICN
IHOATA(3,J)Y = HINGE CONSTPAINT YYPE « THETA 2 ©ATATICN
IHDATA (4, J) = HINGE COMNSTFAINT TYPS THETE T ROTATICN
IHDATA (G, J) HINGE CONSTRATIANT TYPE X TRENSLATICN
THOATA(6,J) = HINGE CCNSTRAINT TYPE Y TRANSLATICN
THCATAL740) = HINGE CCNSTRATANY TVt 7 TOANSLATYCN

RCTATYICNS PEFER TO ORDFR NEFTNFN RY ITYDE

TRANSLATICMNR CFFFC TQ FatOTAD

THEATA(2=743) = { = NC CONSTRATNY
IRCATA(2=-2,4) = 1 =~ FIXEN CCNSTOAINTY
THOATA(2-7,J) = 2 - RHECNOMYTC CCNSTRATNT
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DIAAO0DTIN YOO D 1000000 .TON

D

OOO.‘)C‘)OOC’GO(’).‘?DOOJ o e B Mo BE IS RR

NCTF == NUMAFR OF AETA STATE VARTACSLES COMFUTER FROW
IHNATA AS SUM OF NUMRE® CF 7ERCS ¢ SU¥ NF
NUMBE® NF TWOS TN ROWS 2 THRU 7

NUMBER OF CCNSTRATINTS CCMFUTEL FPCOM
ITHNATA AS SU™ CF NUMOER CF CNES + SUM nF
ANUMPER OF TWMS TN RCWS 2 THEY 7

......... CALL SEAR {FETAK, By NHy £, NHMAX)

MATRIX SI7?C 6 @Y Nk TC NEFTNE INITIAL VAL UES
CF PETA WHICK CRTENT TwC PNOIES ASSCNIATEC
WITH ZACH HINGE

FCR THE JTH HINGE -

RETAKTL,J)
AFYAKLZ,J)
AETAK( 2, J)
AETAR (L, J)Y
IETAR{Z 4 )
RETAKI(E,J)

THETA 1 FATATICA
THETA 2 RCTATIOA
THETA 2 ROTATION
X TCEANSLATICH
Y TRARSLATICA
Z TFAANSULATICH

o

--------- CALL SCALC (BETAKN, €, NHy £, NHMAX)

MATFTY SIZE € BY Nk TO DEFINE INTYIAL VALUFS
AF AFTA COT = TIVE DIRIVATTVI CF PETAM
nEsCRINIC SREVICUSLY

FOR THE JTH RINGE -

arTAHC (1, J)
RETARN (2,00
BETAFN (3,0)
BEYBKE (LyJ)
2FTAHDIS, D)
NETAKRT (B J)

THETA 1 RATATICN PATE
THETA 2 @OTATICN PATE
THETA 3 ROTATION RATE
X TRANSLATICN RATE
Y TRANSLATICN RATE
7 TOPRNSLATICN RATE

NCTE == IF THE CCRRESPCNCTNG CCONSTRAIRY TYPF
1S 1 OR 2, THE INITIAL RETAHD(1-6,J),
INDUT HMERE, WILL PE IGHAORED ANC SEY TO
7ERC OF TN THE SHECNCMICALLY FRESCFIBEPD
VALUE, PFSFECTIVELY
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S NeRelbe le}

DDA NANOANA

n.ﬁ;wn.ﬁ.vn\isan:7C1J‘ﬁ 2

TAATINID 1A

NCEMO = NUMATR OF MCMENTUM WHFELS

IF (NCFMC LEC. J) GC TO w1

sesmsesa-fALL RZADIM (IMC, 3, NOFMC, T, NVWMAY)

MATRTX SI?73 I RY MCFME TC PICINE FASTE
MCMENTC WHEEL NATA

FCR THEZ JTH NCMENTLM™ WHZEL -

TeC (1,0 SENSCR FCINT NUMREP FCE ThE WHEFL
Incez, ) SFETN AXIS NUMBF2 FCR THE WHREL (1,2 0P 3)
T¥OL2,J) = 1 ACTIVE WHZFYL

= 3 CONSTANT SPEEM WHIEL

Sess-se-=TALL SEAD (AMC, 2, NOFMO, 2, NWMAYX)

MAYQTX STI75 2 RY NCFMC TC DIFINE wnmweaTyw
WHEEL TATA

FCR THF JTH NMCMFNTUM WHEFL = ’

INITYAL WHESL SFETN™ CATE
SFIN TNFFETIA

AMC (1,010
AMC (2, D)

it

41 CORNTINUZ

s=c=e-e=<CALL FEAT (YMCATRE, 1, 3, 1, 3)

VECTCR SI7Z 31 AY 3 CONTAINTING TTME HISTCOV
INTEGEATICN CONTFROLS

THOATACLY = INITIAL TIVE (STARTTY)
TMDOATA(2) = TIME INTZovaAL (RELTAT
TMBATA(3) = TZIRMTINATION TIME (ENNT )

Iv-21



QIO HD

R READIM (TFOATA, 1, 3, 1y 1)

VECTCR STZ725 1 BY 3 CONTAINING INTFCER
CCATROL TNATA

IPDATAL(LY

PRINT CONTSOL FNP TIME RESPANFE - POINY

EVERY I1PNATA(1) MULTIPLES CF NFLTAY

FLOY CCNTROL FCR TIME RESFCNSE = SAVE

EVERY TPNATA(2Y MULTIPLES CF OFLTAT

$ PERF(PM™ NNALTNIAR VTIME RESPCANSE

{ PERF(CEM LIMEAS TIME (P FREQUENCY
FFSECONSE '

IFCRATAC(2)

TroAYTALRY)

cemema===CALL SEADR (ONTNTA, 1, NONFAR, 1, KCONTY

VECTCR SI2E 1 RY NCNPA® FCS CCATRCL SYSTEM VARTAALES
AND USFP SUPPLIFD VARTAOLES

THIS 1S A CATCH-ALL VECTOF FOF USEF PAK NATA
INFCR¥ATICN IS PUT INTC CCMMCN /CCATRL/ AND IS
INENTIFISN Ty USEO SUPPLIEN ENUTVALENCSE MAP

IN USER FAV

FISST NNELYA ELEMENTS MUST CONTAIN INTTTAL VALUES
FCR TELTA VARTARLES IN STATE VZCTOR

ADNIYTYCNAL SFACE TS AVATLARLE TN THE LSEP

MBI ANATO ITANNOANDNIDNONOAODNIDHO

cemsa=ee=CALL REAP (WV, 1, 4y, 1, 5)

EGC Qy WVI4Y IS IGNCRET
NF J, WVIL) MUST RE GV 1

r .

c VECTNR SI1726 1 BY &4 FNP GRAVITY GRANIENY NATA

r

c WY(1) = PROJECTICN CF GRAVITY VECTOR CN X INERTIAL AXIS
r WV(2) = PROJENTION CF GRAVITY VECTOR CN V TNERTTAL AXTS
C WV(3) = EPRJECTIONM OF GRAVITY VECTNR €N 7 INERTIAL AXTS
c WVL4) = RADILS VECTCR FRCM GRAVITY SCURCE TO GENERAL

C VICINITY OF BODY CLUSTFR

c

c

r NCTE == TFIWVI1)I¥®2 & WV{2)¥%2 & WVI3)¥*2)

L

C

C

C

NOTE -- GRAVITY VECTOR COMPONENTS IN
UNITS OF ACCELERATION
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DO 1TDO '1-773000‘!00\10300&‘)(1039.7

AN

[N

-lll“l'lanD~7H4nﬂODTb4

Po 20 N=1,NR

IRGFLYIN)
IEGFLXINY GT

IF (ISRFLXIN)

NTYPE =
NTYFE =

IF (NTYEE LEG.
IF INTYPZ LEG.
GO TN 2¢

25 CALL MSICININY

2. CONTI*UE
£ETURN
FND

NyMRzZo OF ACDTES

£A 5 - RIGTNH RONDY
- FLEXTRLE RCCY
sEQs £ GO TC 2°%
= I5) NTYFZ

1 - LUMPED MASS REPRISENTATICN

Zz = CCNSISTIENT MASS PFFRESFATATICH

1y CALL NMSMCOL (N) e== SEF FCLLOWTNG
2) CALL MSMCDC(N) -== SEF FrLLCWING

-a= SEE FCLLOWING

1v=-23
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o % Ee e Ne Be No S Re |
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»

* SUALRCUTTNE MPIRIN - TNFUT FCP FRIGIC 2CRY
»
O T T T R R E RN T R R R R L R e R R AR A AL Rt AR s

emcccecan CALL REAT (V, 1, 4, 1,4 F)

VECTOR S17% 1 B8Y 4

V(1) = MASS CF R(CNY .

v{2) = X ("OCY REF PLINY TC ©=00Y Cr, @CRY TPIAD)
Vi3) = Y (ACNY REF PATNT TC BPNY CG, 8F0Y TRIAM)
Vie) = 7 (QrY PEF FCINT Tn ANCY €G, FOANY TOIAN)

ce-mas=esfALL GEAD (V, 1, 6y 1,4 €)

VERTCR STI7Z 1 9y ¢

NOTE ~- J =J/;y dm, ect,
V1) = JXX ¥ o1
vViz2) = Jyy
VI3) = J?27 (BNfY PEFERENCET INIRTIAR - €ANY TRPTAD)
vig)y = JxXv (TNFPTTAS ARCUT REF FPCINT, ACT QQNY £G)
veey = Jx?
V(&Y = JvY?

NUR = NUMRER (F KTNGES CN FODY N - FYNLUSIVE CF KHINGE 1, ®COV 1

Dr 12 T=1,MR"?

cmceceaa=FEANI{NIT,FCRMAT = 215) NOF, ITYPE
NCH = HINGE NUMRER
IT¥FE = SULER FOTATION TYPE YO ORIENT HINGE

TEIAT WPY ECNY TRIAN

Iv=-24



5C~Al

. (NDILVLOo UBIHL) & Visrd = (E)A
(NJILVIO3 UNJZS) 2 Vi3 = (2)A
(NJILViO0a La3l3) T wazHL = (TI)A

Faill Ag ouz»uuc N3uu0
‘cth»:rowa = UVlal anIud 23SN3S aN3lay Ji SZI9NV e31Na

. (E4T=P*UMIRY (E°2T0F = IVad)4¢LiN)UVIgemmemmmnn
O9lai AQJu LoM OvIwg

INiOa GuSN33 ANZIaU Ji 3dAL NOILVEOUSE 83
23caIN LNIJ3 al8SN3S

ZaAll
SIN

3dALI ‘SUN (SIC = LIA3J3%LINICGVIammemonca-x

eSN*I=1 7¢ 33
Nallds (2 *"J39° uyoaN) 34
N A0Qd NI SuNIU3 3USN3s 33 32gafllN = o3y

3NANTIAINDD I

(Qviel ALUd “ANIJd 39N4H UL IN1Da 438 ALJL) 7 = (7)AL
(Uvlas AUDL “UN¥iJ9 3UNIHM 24 UINIDJg 323 AUDe) A = (2)AGQ
(Qvidl AUGo *LINIDZ 3YNIH 04 AINIOa 333 AUDE) & = (TI)Hu

UVid) AUDb AhdM uvIdl FUNIH NILLISUa T4 33LU3A

(C8T=C (P3HG) (£°7308 = LvAdD4*LINIQVsgmmmmmmn=n

(NOLAVAGY QalHL)Y € Vi3dHL = (£)A
(NJLLVLOY UNJZ3) ¢ VUI3HL = (2)A
(NJILVLIOd 1S3I3) T viaHl = (THA

3aAil Ao Q3NISZ0 d30UN0
NJLLOLNnB3d = UVlal 29NId AN3I0) 34 S:IYNY 32103

(R4T=04CCIA) (E°TTIE = LVASII*LINIUVIg=mmmaemnm-e

[ Sl S S &

Ccoc

coerrocroce e

CroecoCcoee C S A S & Y N T S L S A AN S NG N AN G S AN AN LA [ S &



emmmee===READINIT,FCRMAT = 3013.3) (DSCJ),J=1,7)

VECTCF TC POSITTAN SENSOF FOINT TRIAL WPT °00Y TFIAD

PEL) = X (3CNY REF SCTINT TC SENSC® FCTINT, S00Y TRIAD)
NE(2) = Y (ACHY QFF PLTNY TN SSNSOF FCOINT, /A0y TOTAM)
AK(2) = 2 (8NNY FSF POINT 70 SINSCF FCTNT, RACY TRIAM)

20 FCNTINUF

PETUFEN
END

DO NNODDII I IO N
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SNy Xz Ne Ky

Al AL IS 2T A2 ST R RS SRS RSN I N Y 'lb!#'llll'.!?llll!',’..'l'll‘l'.""v—l

cC#¥

£* SURFOUTINE MSMODL - INFUT FOR FLEXTRLE FODY, LUMPED »ASS MATOTY

cC*

CEITIRIBEXENENERIUSISNVIFNSEIPRINSE YR AR RS R A R P S R R R R R R R P R Y PRV RN Y Y YUY

A(I;l’ =

AlI,1)
A(Y,2)
ALT,3)
AlTy4)
A(I,6)

L S TR T R TR 1

0N 6§ k=1,2

s ieRe IR s I Nl NoNo e N Re o B B Re Re N s | IO

K=1 A(T,1)
Al1,2)
ALI,2)

=2 AlI,1)
AtI,2)
£(1,?)

5 CCNTINUE

T7AITAINATANAIINAAINNA

seeecece=CALL READ (A, NJy 14y KJICIANT, KMCOS)H

MATPIX SIZE NJ AY { WHERE NJ
ChN ECEY N

FCR THE YTH JCINY -

JOTAY Mpce

sesce=ma=eCALL CEAD (A, NJ,y, 64 KJINTAT, ¥MOLES)
MBTRIX SI2FE NJ BY €

FCP THE TTH JCTAT -

JOTNT INERTTA, J¥X
JOINT INEFTIA, JvY
JOINT INERTIA, J77
JOTAT INERTTA, JYY
JOTNT TINSRTTA, JX?
JNINT INESTIA, JY2Z

------c--CALl QEAD (A’ NJ, 3’ KJOT“T, K“‘ODE)
MATRIX ST7¢ NJ 9y 2

FCR THE ITH JCINT -

JCTNT STATTC MASS
JCINT STATIC Mass
JCINT SYATIC MAS<S

X (°0NY REF PCINT
Y (BANY REF OQINY
Z (BOCY BEF FCTIANTY

a Hon

= NUMRER 0OF JCTNTS

NOTE —- J - dm, ect,
Xy ./ﬁn' '
Vol

MOMENT, SX
MOMENT, <V
MCMENT, S2

TC JCINT, BORY TRPTAD)

TC JOINT, annhy TETAN)
16 JOINT, BOPY TRIAN)

v-27



N0 10 ¥X=1,6
cecemee==fALL EEAD (A, NJ, NE, KJOINT, KMCOF)

Mrrece RETAINED FCR ®0NY N

FOR THE ITH JCINT -

K=1 A(I,J) = X NISPLACEYENT AT JCINY, VCCE J
K=2 A(I,J) = Y NISPLACAMENT AT JCINT, MCFE J
K=3 AlI,J) = Z DISPLACFMENT AY JCIANY, MCPF
K=4 A{I,J) = THETA X ROTVATICN AT JCTNT, “COF J
¥=6 A(T4J) = THETA Y ROTATICN AT JUOIANT, MCOE 4
Kzf. A{I,J) = THSTA 7 ROTATICN AT JCTRT, MCCE J

1J CONYINUE

Do 26 K=1,¢

eacesc=<-CALL RZAD (A, Ny NEy KJINTINT, KNMCLI)

MATRIX SIZ2E NE B8Y ME

AN IAIDDTADINIDINDNIIAANANANIDINIAIINIHNO

K=1 A MODAL STIFFNESS

k=2 A MOCAL CAMPINT

20 CONTTYAUE

e e Xe By Ne B Bl |

NesesseeaePEANINIT,FORNAT = BD1C.2) (ALJ),J=1,NE)
c
\ VECTOR OF INITTAL MCDAL OEFLECTICN CCCROINATES

c
Peceeea===REANINITLFCRMAT = AN1D0,3) (ALY ,J=1,NE)

VECTCE OF INITIAL MODAL VELOCITY CCORDINATES

AOMON

Iv-28
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NCTE == FCLLONING EULER ANGLES MEASURED
IN UNDEFOPMED CONFIGURATIOA
MHB = NUMRER CF HINGES CN Q0NY N - EXCLUSIVE CF MINGE 1, ROOY {

DN 150 t=1,NHE

jemecnccaaCE ANINIT,FCRPAT = 315) AOK, ITYPE, JCTINTY

; NOM = KINGZ NUMRER .

; ITYFE EULEFR ROTATICN TYFE TO ORTENT HINGF

; TRIAC WRTY RQDY TRIAD

! JCINTY JCINT MUMRER CCRRESEPCNCING TC KFINGE PCTNT

teeeamaseePEANINIT,FCRFAT = 3010¢3) (WVIJ),J=1,3)

: EULER ANGLES TO CPTENT HINGE TRIAD - PERMUTAT TCN
; NFCER FEFINED BY TTYPE
WV (1) THZTA 1 (FIRST Q0TATIOM

THZTA 2 (SECND RCYATICM)
THETA 3 (THIRD ROTATION)

Wve2)
WV (3)

150 CCNTINUF

NSA = NUMBER OF SZINSOR FAIATS CN 8€OY N
TF INSA ,EQ. 0) RZTUPN

NN 16) L=1,4NS0

ceccsacaaREADINITLFCRFAT = 315) KOS, JTYPE, JCINT

NCS = SENSCP POTNT NUMUREE

ITYPE = EULER ROTATICN TYFE TO CRIENT SFNSCR POINT
YOI AL WRY #COY TRIAD

JCINT = JCINY NUMBER CORRESPCNOING TC SENSCR PNINT

APCIAUD T RICIND 28 u Pl NE O NI PN O IV b C s \s .8 .0

1v-29



EULER
OFCER

WV(1)

Wy (2)

WV (3)
160 CCNTINUE

FETURN
END

DAOOANOTHINADTNIONAANINNO

IV-30

ANGLFS TO CRIENY
DEFINED Y TTYPE

THETE 1 (FJIRSTY
THETA 2 (SECND
THETA 3 (YVIRD

cecemcac=FIADINIT,,FCEMAT = 3C10.,3) (WVIJ),J=1,23)

SENSCR® POINT TRYAD = PERMUTATIO

POTATICMN)
ROTATIOM
ROTATIOM)



TE~-Al

AN1ILINdounNs 31HUA

NIKHLIM O03Llv380 Z2a VUM Wods

INJe¥ 341 UNV &31vY NI Qviy 38

1UWM TLUU *STOLIZAN Aulu Ul9aly

3J L35 MWAaUNIHLald NV o033 SV
AJAS *3flal LJIN S1 3A0aV vznM T =

Coee

-
p]

xa Xt k2 ke e A
x LiJ 2+ = T C 23 0 Q0 0 x ¢l =
* x & x * *
* ALY a2 » ) T 7T 2 0 0 a x AL
2 * & * * "
x X2d &« « 0 0 F 2 0 0 e x Xi &
% PR A = *
# U o« 2 0 K= A T [ 7 * LR »
x PO » a *
a A x a X 0 =0 1 0 a * AH =«
* * & * * *
* XJ 2 a2 A= L 0 M LT * XK 2
* Ax ad - TEHRY

=noJv3d SHL 30 xlalvwe TIvUOW AUJH
Ul21% v NIvieO 00 S3UNVHONILND
F20=-M0¢ VUA NO J31lvsad0

3a MYJ 3300h A0J8 ululs 43WM 0 =

3TeVIavA T08iINJJ Zu0~ AUDa 2191y Advodl

UVIOI *XVI01 “Woddl (SIL = LUWHI3*LINIUVIYecmmceans

AR AR R AR A A T AN AR A AR KA AR RN R AR A AN N R AN NN AR R AN DA R A A AN S F R AN S AR N AN AN RN A
"
X1alVW SSVW ANSLSISNUU “AG09 31dIX313 dud 20dIND = D30wSw 3IILNINENS au

PN}

COCUlLOoCcLlLolrLeteCelCLel oL L Ge
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10

e Be K= Be X B B Xe e I e e Be Ne e e Ne o Jo Re Ne o Re No e I o B B I i B Bee B B BV I BEo Bbw By B e Ihe B s |

eeecee=-<CALL OEANIW

1v-32

TNIAK

INIAD

MATRIY SI?F

IF
IS

1
(==}

=1 TF
IS

1f
IS

i
w

If
IS

i
[

MODAL STTEFNFESS MATRTX
NCY NTACONAL

¥ODAL

CIAG

MCDAL DAMPING

NCT

chaL

NTACANAL

MAY

STTFENESS MATRIX

eTYX

MCDAL ODAMPING MATRIY

CTAG

(JOCF, AX 4, N&, ¥J

CNAL

nNnE, 6)

AY BY & NEFINING JCINY

OF FREZENC™ FCP NX JCTNTS CN PONY N

FCR THE TYH JCINT

JNCF (I, 1)
JOCF(T4+2)
JNCF(1,3)
JRNCF (T,44)
JNCFUT,E)
JOCF(T45)

W oo
- e - .
N <X N<x

NFG. MF
DEG. CF
NeER. OF
DEG. OF
DEG. OF
DEG. CF

FREENCM
FOEENCM
FRECDOM
FREENCM
FREEDCM
FREEDCHM

FCR'
FCR
Fee
F(Ce
Fce
FCR

DEGREES

BCINT T.
FCINY T,
BCINT T,
FCINT I,
FCIMNT T,
PCTNT T,

PCINT T IS CCNSISTANT WITH THE
MONAL MATRIX POW I,

REFCPF RECRCTING,

JOCF WILL RE INTERPQGATED ANT THE
WILL BE QRCEREC AS ==

COCRDINATES
HY (T} FQR
FY (I) FCR
k2 (I) FCR
T¥ (I) FCR
TY (1) fCR
T?7 (1Y FCFK

JOINTS
JOINTS
JCINTS
JOTNTS
JOINTS
JOINYS

e =

THRU
THRU
THRU
THRU
THRU
THRU

N Y
NX
NY
NYX
NX
NX



DIDDAIDINDNIINININDOININANIIAIININNIA NN

7

TIDNITOANDITIONDINIID YNNI aM e

----- e~==CALL REAQTIM (JV, 1, NMCLCT, 1, KAP)

VECTOR SI2F 1 BY M¥ONY = NUMRES CF RICIN Aanny MONES +
PUMREP QF ELASTYC MnRES

Jvegy = 1IN0 WHESE TNT IS CCLUMN NG, WHYICH CPL{S) OF £RTC
MONAL MATOIX WTLL APPEAR TN
CFYISEN MODE MATRIY
INC A7 ) REPLACT CCLUMN
IND £ 2 DELITE NCLUMN
INC LY 1 REDLACE CCLUMN,; CHANRE STFNS
--------- FALL PEAC (A, NPA, NCA, KAD, KAQ)

MATRIX STZ7E E£®NY Py &¥KNX CONTATNS OOMSTIQTENT
WESS FEPRESEATATINA

PCE=-CCLUMN CONFOINATE CRNER MUST BT COASTSTENT

WYTH THZ CIGRIE FF FREENOM TARLE, JDCF
~ece=--ca--rfALL 9FAD (A, NDA, KMCODT, KAD, KAO)

MATE Ty SI75 E¥NX AY NMCONT NAONTAINS MEDAYL CEEINTTION

THE CCLUMKS tMONE LRNFR) RILL OF Prooneen ay

The TAFUY USCTEC gy

TE (INTAK €0, I  LAND. 1CIAP LEN. 2) GC TC 11

--------- FALL S€AD (M2, 1, MMCDT, 1, K4R)

VECTYCFR S12F 1 BY NMCOT GCCATAINTNG SQUARES OF NATURAL
FREQUENNTIFS

IM2(J) = SCULRE NF JTH NATUCAL FREQCUENTY CrOOESOCLNNING
TC STk INCUT MCDE SHAPES

11 TONTINUE

ORIGINAL PAGB IS ' 1v-33
OF POOR QUALITY



YF (IFRA¥» ,£G, 0) GC TO 5

ceeee====READ(NIT,FCRMAT = TE) JTYFCL
JTYPRL = REFZIPENET JOINT NUMRER WHNSE GEOWETOIC
FCSITTCN GCOPCINATES WILL RE USSR Tn
ESTAOLISH RIGIN ©€0DY MOGCAL MATRIX

cmmee====CEANINIT,FCRNAT = 30157 (OM21J),J=1,3)

OMZU1) = X NCMPONENT OF VERTOP TEHAT LCCATES JTYPCL PY
A¥Z(2) = Y CCMPCNFANT OF VECTOF THAT LCLAYES JTYPCL PY
OM2(3) = 7 GCMPCNFAT OF VECRTOP THAT LCCATES JTYPCL PT

VECTOR GRMPONENTS REFESEN TO P00Y TRIAC

5 CCNTINUE

IF (IfIAK ,SC. 1) C TD =€

DO ITOODHINADNNIANITINIONIOOOHIAIOOD

cewesees==CALL SEAN (A8, NRA, ANCA, KﬁQ, KAR)
STIFFFZSS MATRIX == SEE NCTE RELOW
EQ CANTTANUE

I1F (IDIADC +EGQ., 1) GC TC 6C

e=ewe=a=<CALL READ (A, NRA, ANCA, KAR, XAR)
DAVMPING FMATRIX == SEE NOTE RELCOW
Gr TN &1

63 CCNTINUE

cceamea==FEADINIT,FCR¥AT = AC10.3) (OM2(J) yJ=1,NE)

VECTOR ST?5 1 9Y NE = NUMRER OF SLASTIC MCOES
RETAIANED VIA INPUT JV SELECTTOM VECTCR

AM2(J) = MOOAL DAMFING RATIQ FC® JTH ELASTIC MCDE

61 CONTTAUE

OOOADIANIADONIONDAODNAINTHANONOD
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AN IININOODNINNIIDNDOOOINO0O0A0AO

IAITIHANITOIIIANIOO

NCTE FCR STIFFNESS AND DAMFINR MATCICES

CCCRDINATE OQRCER ASSUMED CONSISTENT WITH
THE RECPLCEREDN CCORNINATF DESCRIFTION
AFTERP THFE NEGREE CF FREFDCM TAALF (JOOF)
HAS REEN INTERRCGATED ANN THE FRLLOWING
NRDER ESTARLISHED

Ixaﬂu‘HﬂH-N.o.owZ

I<~H~oﬂuu-wuo-oc2

.
IqAchanomco-o<t

ﬁwaﬂ-‘HHwaoo-o-Z

.
44nﬂ-‘4ﬂucwcooouz

T7CI) 91=392 00009t

cemeeemcoFCAN(NIT,FOONAT = 4P10,3) (OM2(J),J=1,NT)
VECTCR SI2F 1 RY NE CCNTAINING INYTIAL
“CPAL NEFLEGTION CCORDINATES

ceemeec e TAN(NIT,FCFMAT = 2013, (NM2(J)sJ=1,NC)

VICTYC® ST75 1 2y N2 GCATAINING TNITYAL
MECNAL VELCRTITY CRORDTNATER
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HNO IO ATIDIIIIHNTIONO e e XS e e e Re e e lo Te B B e o Ry

s NeNeRe o Re

c

AN OID

NCTE =-- FOLLCWING EULER ANGLES MEASURED
TN UNDEFORMED CONFIGURATION

MHA = KIJ¥PIR CF HINGES CN °2°DY N - EYCLUSTVE CF HWINGE 41,4 ROOY L

N0 11C L=14NHE

cemmee=e=FIAD(NIT,FCFMAT = 315) NOH, TTYPE, JCTINT

NCH = HINGE NUMRE®
ITYPE = EUWER ROTATICN TYFE TO QRTIFNT HINGE
TRIAD WRT f6NY TRIAD
JCINY = JOINT NUMRER CORRESPCNDING Tr +TNGE OCINT

cececasas=REAN(NTT,FCOMAT = 3010.3) (OM2(JI)4J=1,3)

EULER ANRLES TO OPIENT HINGE TFIAD - FERMUTATION
CRCER TEFINEC BY ITYPE

AM2(1) = THETA 1 (FIRSY RCTATICN)
OM2(2) = THETA 2 (SECND RCTATICN)
AM2(2) = THETA 3 (THIRN RCTATINN)

113 CONTINUF

hSB = NUMEEZR CF SENSOR FOINTS ON RCCY N
TF (NSR LEQ. C) RETURN

Do 120 L=1,ASP

amcane=a=EEAN(NTIT,FCRFAT = 315) NOS, ITYPE, JCINY

NCE = SENSOR POINY NUMREF

ITYPE = EULER RCTAYION TYFE TC ORIENT SENSCR POINTY
TRTAD WRT 20DY TRIAD

JCINT = JCINY NUMRER CORRESPCNDIMNG TC SENSCR POINT
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ccena==e=FFARCANIT ,FLRMAT = IN1C.3) (OM2(J),4J=1,13)

12

-~
+

SULER ANCGLES TC CPIZNT SENSCR FAINY TRTAD - SEOMUTATINN
ORNER NZFINED RY ITTYPE

THETA 1 {FIRST RCTYATICN)

cMzlt) =
cr212) = THZITA 2 (SFECNN OCYATICN)
CMZ(3) = THETA 3 (THTRD RETATICN)
CCNTTNUE
FETUON
Ern
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FOSNNE SN S ISPV ST ST TN S S SE VSN NTN SFSE RS UTISINN NSNS ST RRURR SRR TRSONN
re

r® SURRCUTINE DYNS20 - TNFLT FOR TIME HISTCRY PLAT CUTPUT

ce

C.‘!‘l‘.'.l"l AN SR SERYI B NE USSRV IR USRS FESNSESE SR SSF S I RIRFELFAETEEERY

cecmecea==REARINIT,FCRMAY = 1(CA8) (ICTITLII),I=1,1()

B, CHASACTE® MASTES PLOCT TITLE WILL AFFEAP
ON ALL FRAMES

emeccoe=ePEAN(NIT,FCRMAT = IS) NSEY

NSET = NC, OF FLCY SETS T RE
CYCLED THPOUGE, EACH <ET
IS LIMITET TC 1€ SEFATATE
VARIABLES TC 2F SFLECTEDN
FRCM THE SETY NF VARTABLES
WEITTEN PE SUPICUTINE FLNATWP
OF LPLTWF,

PA 1050 TSET=1,NSITY

cccecce==CPARINIT FCRMAT = 15) JFL

JPL = N0, OF VAPTADLES Tr ag
SELECTIC FPCW THE NCFLCTY
VARTAALES FREVICUSLY WRITTFN
CN NTAPE3 FOR FLFTTING,

(JPL LE. 1R) FCR A SET

NCFLOT = 142%NECHNLAM NUSJR4T+242¥NO4E
{NCPLINEAR ANALYSIS)
MNCFLOT = 142%NFC

(LINEAR ANALYSIS)
WHERS m==-

NEN

NCo CF ENUATICNS
TNTEGRATED,

NLAM = NN, CF LAWARNA VARTAALES
NU = NC. OF U VARTAGLES
JF = E¥NE

NR = NO., CF Q2CCIES.
Iv-39
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NCTE === ME
FEERE
¥
NE C = * IBAFLY(J) 4% NU ¢ NFFETA & NDELTA
¥
IR Y
=1
NE ACFWE
(XX AR ] yERER
» L) .
NU = * IRAFLX(JY & % TIrCIX) & EFNO
¥ ]
(2 2 R 2 J SEREE
J=1 K=1

NBETA = SU¥ CF NUMRER (F 2ERCS ¢ SUM rF
ANUMRER OF TWCS IN RPCWS 2 THRU 7
CF ARRAY THDATA

NL Am = su¥ OF NUMRE®Q CF CANES + SU¥ n¥

NUMPER NF THCS TN PCWS 2 THRU 7
0F ARRAY THNATA
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NCHLINZAR
ANALYSIS

LINEAR
ANALYSIC

ORCZR CF VARTA®LES AND
SI2E FC® A STNGLE RECOPN

(FCR A SINAGLE TIME,

VARTARLE 1D,
TIME
YDov
Y
LAMBDA
u

HX, HY, H7,
Px, PY, P?

TCTAL ANGULAR
MCMENTUP VERTOF
CCMPORENTS (X,Y,2),

TCTAL LINEAF
MCMENTUM VECTAP
" GCMEONINTS (X,Y,7),

ACOY KTNETYC
ENERG 1A S,

ARCOY FOTENTTAL
ENEPGIFS,

TCTAL
TATAL
TCTAL
TCTAL
TCTAL

TIrE

yeey

ANGULAR MOV,,
LINEAR] MCw,,
Ke€oy

o.Ec,

TAECGY

.

ST7¢
1
NFQ
NE R
AL AM

NY

BENE

(ol

IMERT IAL
FRANE

NP

[ )

NEQ
NEN
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cememee==PEAR{NIT,FCEMAT = 1€I5) (JUVPL (J),yJd=1,JFL)

JVPLCJY = TINTEGER BENATING GLCRAL
LCCATICN CF JTH SELECTYEN
VARTABLE FROM THE NCPLOT
LCMG ARRAY,

20 CCNTIAUE

vmceaw==a®IAN(NIT,FCS¥AT = 575) NCI, (NCD(T),T=1,3), MNGRID

NCI = ELEMENT LCCATICN (LCCAL WFY
JUEL ARRAY) FCR THF INCEFEN-
DENT PLOT VARIARLE,

NCC = ELEMENT LCCATICN (LCCAL WET
JVFL APPAY) FCR UP 1O ?
NEFENNENT VAQTARLES TC PLAT
CIFULTANECUSLY VERSES THE
P11 DEPENDENT VARTARLE,

NGRID = NC. OF FLCT FRAMES T(C USF
FCR PLCYTING THF ANCT=NCN
GRCUP, 1E, THE N7, CF FEAMES
T0 USE SIDZ °Y STDE YO
EXPAUST THE RANGE CF THF
INDEPZNCENT VARTACLE,

IF INCT JEG. ¢) GO TC 10CC
THIS IS CUEZ TC PROCEDE TO NEXT SET
THIS QFEN SNOJED LNOF PERMITS MANY SELECTIMNS OF THE

JVPL DATA VARIABSLES WITH REGARD TO TNDFFENNENT AND
NFPENDENT VARIARLES IN ORDER TO FCRM CRCSS-PLOTS,
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[ ]
<

GO To 2¢
COMYINUE

FETURN
enDd

cesac-c--READ(NIT,FCRMAT = AB,2X,A8,2X,6AR) TITLI, TITLN,

(CTITL(I),I=1,6)

ALFUANUMERTIC TITLING INFORNATICA
TO INCLUCE ON FLOTTER AUTPUT,

TITLT = TNNEPENDENT VARTASLE TITLE,
TIWNO = NEPENCENY VAPTIAGLE TITLE,
PTITL = CVEPALL TITLE FCR FAPTICUL AR

INENTIFICATICN CF TH1S FRAME,
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LRY L 2,J) = ITFIN -=« TRANSFIP FUNCTICA INCYT

' VAPTABLE ICENTIFINATION,
THIS TNTSGERP IS A LCOrAL
TOENTIFICATYICA TINTEGEO,
FEFESENCING (REESNDING
UDON TTYYFE) FITHERQ 3
SFNSOR SIGAAL CR A
CONTROLLTR CUTEUY WASTAOLE
WHICH TS THE V(IN) n0F
THE EYPPERSICN ==

vVIouTY

S asneeoes e = Tr-'

vVIiT™)

LRY U 1,J) = JTFOUT eea TRANSFER FUAPTICN CUTOUT
VARTARLE IDENTIFICATINN,
THIS INTEGERP I A LORAL
ICENTIFICATTON INTECER,
DFEFERENCING (NEEFNDTING
UFCN ITYRFY ETTHED A
SENSCR STGANAL CR A
CCNTENLLEP CUTFHT VARTARLF
WHICH IS THF  yicuT) CF
THE CYPRESSTON e

vioum)
TaeSebeowmne e = YF
VIIN)
LRYU 4,J) = kPLOT
KFLNT = 7 NO FLOTS
KPLOY = 1 PLCTS WILL R- wane
LRY( £,0) = 1AFLG

THIS INTEGE® FONTROL PARAMETES
FERMITS THEZ UYSZR T SELECT

THE CHARACTERISTIC 9COATS FCO A
GTVEN TRANSFEP FUNCTICA FRCN
ETTHFR THE CHARACTERISTIC MATRPTX,
ARy 0 ITS TYRANSEOSE,

IAFLG = 1 PPOGRAM WILL USE  rOTS
FPCM AR TRANSP(CSF,

NEFAULY VALUE IS 0 AND
RCOTS FRCM AF WTLL RE nger,
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NCTF = PRCGRAM EXTRACTS RCNrTS FCP AQATH
AF AND JITS TRAASPNSE, THIC <-pyrESg
AS A SNRY CF SELF CHELK CN THF
RCOT NJALTITY, ALYHOUGH IT IS A
RAPE QCCLURPANGCF, RCAYS FRCM AT
TRANSPNSE CAN FE -CLEANER=- THAN
THNSE NETATNED FRAM AR,

LRY( €4J) = NCs CF 9 VARTAPLES TC FEECD "ACK == TTYEF
MAX 0F 3 B VARIAGLES CAN FE FEM QACK FNR
THE TYFE 7 PSELCC CPEN LCCF
TRANSFFER FUNCTICA,

LRY(C 7,0 LCCAL IN, OF FIRSY N TC GETATN,

LRY ( A, ) LOCAL IN. nF SECAND E TC SCTAIN,

LRY( S,J) = LOCAL TG, CF THIRN R T RETATH,

co=e=s=-=«CBLL RFADI¥ (IRY, 3, NCYC, 3, KR)

MATRIX SI?& 3 BY MNCYC NEFINING EXEPCNEMNT F(CET
TCLERAMCES TOL = (10.)%ecxP

FCR THE JTH CYCLE -

IPY(14d) = 2CNT TOLERANRE EXPANEMT
IRY(Z,J) = GRIN TNLFRANCE EXFCMNENT
IRY(3,J) = RCOT TOLERANCE EXPONENTY USEr TC

REMOVE SHIFT FRIQUENCY (SUCRAQUTINF NUMS)

NOTE - IF ROCT OR GAIN Lz TOL, SET
ROCT CR GAIN EQ Q.
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PO 500 ICYC=1,NCYC
IF (1TYPE .EN, 5Y GC YO S8

caemcsea=PEANINIT,FCRANMAT =

‘.““-“FEAD(NIT’FCQMAY =

LFENAME(TY

LFNAME(T)

LENAME(D)

2084) (TITLE(I),I=1,20)

B) CHARACTFR TITLE FOR TRANSFER FUNCTICN
ITENTIFICATICN

S5A4) (LFNAME(I),I=1,5)

PERNYTS UP TN E FCUR CHARACTE®D
IDENTIF ICATTNANS WHICH SELECT THE
FLCT NTSFLAY ¥(CCE,

4K

LHACODF

LENTICH

LHNYNU

LUNTHY

LHACMA

4HUROPTY

{ALL PLANK)INC FISELAVS

ARE TIMOLEMEATEN ==« GO TC 500
THE CHARACTERICSTIC RrOTS

€02 THE SYSTEM ARF FOUNN,
CALY A PONE DTSFLAY,

CALY A NTCHCLS CTISPLAY,

CMY R NYQUIST NISPLAY,

PCTH NICHOLS AND NYCQUTST,
GIVES Ponc, NICHCLS, NYNUTST,

GIVES A ROOT LCCUS NT<DL Ay,
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no 5.3 ICF=1,¢

TF  (LPNANMELINOY LEN, U4H }y GC T0 £1¢C
IF (LPNAMF({ICO) L,EN., 4LHREQODE

*,0Rs LONAMELICF) .£N. LHMICH

*,0R LPMAME (TCF) LEQ. LHAYQU

¥, 0%, LPABMELTIOP) ,EQe LMMNINY

*,0F, LPNAME(ICF) LEN. UHECNN) GC TO 208

TF  (LFNAME(IOP) LEN, LHRAONTY) GC TN 390

220 CCONTINUF

8% FRQECUENCY RESPCNSE SCTCTTION wes

cevecwaeaFIAD(NIT,FCRVAT = BFIC,G) FMTIN, F¥AX, OBMIN, NPMAX, AMYMN, AVAYV

F¥IN = FFEINUENCY SHCFP LCWER LINMTT

FPAX = FPREQUENCY SWFEP UPFER LIVITY

DP¥IN = wTININMUM 0P AMFLITULCZ FNMR BCCE, NICHOLS OLCTS
NRMAX = WAYTMIM DR AMPLITUDF FMR Nr0DE, NICHOLS PLATS
ARIN = MININMUM AMFLITUNE FOR MYQUTST TLOTS

aMAY = WAXTINMUM AMFLITUDE FOR MYGQUISY FLCTS

Gr Tn EQJ3

320 CCNYINUE
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nndo‘1onnnnnoo.ﬁnnnnn IO IIONAN AN

YE#® RCCY LCCUS SZCTTCN »»s

--u---.«.CALL :EA“IN

(Igm,

2y

NRLC, 2, KR)

MATRIX SI?S 2 BY NGLEG FNR ROCT LOCUS PLAT CONTONL

NELF = NUMAER OF FCCT LNCT TC FERFCRM

FOR THE JTH ROOT L CCT -

Igmit, N

IJr(2,4)

i

ISNIM = 1 STARTING FCIAT T¢
CPEN LCCP ZfRC,

= 2 STARYING FCINT TR
CoEN LCCT FCLE,

= 3 STAFTIANG FCINT TS

CLNSEN LCCFP FCLF,

SLEVEAT LOCATICA TN POCT ARDAY
FCP STARTING ECOT LCCT,

cmmwmeesseNALL ;QAD (hiy 6, '\FLC' V;g we)

METEIX SI2S € BY MRLC FQF RGCY LCCUS CONTENL

FOP ThE JTH

Witi,0)

W12,

Wi€2,4)

Wit4,J)

WitE,J)

Wi1C(€,J)

507 CCONTINUE

RETUDA
FND

[}

RCET LCCT ~

THETAC{J) INITTAL SFARCH ANTGLE,
NCRMALLY -180, (NERRFES)

SCL  SCALS FARYCR, NOTWALLY
SCL = 1.C

ALOC PHASE FCNTRCL PARAMETER,
At ce

PATA

+1, w=- 180, DEG. PHASE,

ALNC = =1y === 0 nee, DHASEO

XMIN MTN REBL VALUF TC FLOT.
XMAX MAX REAL VALUE T0 ®LNOT,

YHMAX MAX IMAG VALUE TC FLAT AND
YMIN SET TN - ywax,
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PROGRAM OUTPUTS

This section discusses the various program output information
and correlates the output data with both the input data and the
problem simulation. This information is presented in much the
same fashion as was the input data stream of the previous chap-
ter so as to better acquaint the reader with the actual formated
output as it is presented by the program.

It is pointed out that the output stream will not reflect cer-
tain outputs that occur from routines that identify troublesome
areas such as matrix singularities. Recall also that the basic
input routines READ and READIM can also print out input matrix
data as dictated by the user. These printouts will not be in-
cluded either. Reference is made to the theoretical volume
(Vol. I) and to the input data stream (Chapter 1V) to correlate
certain outputs with both the theory and the user input require-~
ments.
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c
c
r
c
c
c THE FOLLNOWING LTST TRENTIFIFS THE
c OUTPUT VARIABLES SUMMARTIZED 0N THF
c PREVIOUS PAGF.,
c
o _
COQQOBGQDQGGGGQGGQQGQQGQB'l#54“5950“##0#0#0##5#“QG##GQ##GO###D##GQ#G#GQ*Q
t
c
n NR = NO, OF mODIES,
c
C NH = NO, OF HINGFG,
c
C NSPT = NO. OF SFNSOR POINTS,
c
c NNDFLTA = N0, OF CONTROL SYSTEM DF{ TAS.
C .
C NU = MDD, OF U'S,
c
c NRETA = NO, OF AFTAtR],
c
¢ NLAM = NO, NF LAMANA'S (CONSTRAINTS),
¢
c NEQ = NO, OF STATF FOUATTIONS.
c
c NRMAX = MAXIMUM DIMFNSTIONED NO. NF anntfFe,
c
c NHMAX = MAXTMUM DIMENSTONED NO., NF HTIMGFS,
¢
¢ NSPMAX = MAXTIMUM DIMENSTNONED NO. NF SFNSOR POINTS.,
¢ . N L N
¢ NMWNMAX = MAXIMUM DIMFNSIONED NO, OF MAM, WHFF| S,
¢
c NMWROD = MAXIMUM DIMENSIONED NO, NF MNM, WHFF) S

i C PFR RODY.
c
c NMDBOD = MAXTMUM DIMENSIONED NO, OF MANFS PFR AONY.
c
c KMU = MAXIMUM DIMENSTONED NO, OF U'S PFR RANY
¢ = A + NMDRON + NMWBOD,

- c
c KY = MAXTMUM NIMENSIONED STZF FOR STATF VFCTOR.
c
c KU = MAXYIMUM DTMFNSTONED NG. OF IS,
C = NRMAX® (& + NMOBOD) + NMwMaAYX,
c _
c



OUTPUT VARTABLE IDENTIFICATIOMN SUMMARY
(CONT D)

..GQ‘G'Q.G!‘GGQQQQGQQ“'QGG'#QGG*QGQGGOGGGG&G6*&5##66#0“#665GGG“QG#O&B#QQG“G

OO AONONDIONIIOOTAOND

STARTT = START TIME FNR TIME RESPOANSF,
NELTAT = TNTEGRATIONN STFP SIZF,
ENDT = FNN TIME FOR TIME RESPONSF,
:
61 z X FOMPANENT OF GRAVITY VFCTOR. (TNPUT)
62 = Y FOMPONENT OF GRAVITY VFETOR. (TNPUT)
63 _ = }7E0M§BLE;T-6FJé;AVITY:VECTOR} LINPUT)
GMAG =

SORT(Gles2 + G2##2 + G34#2) -= ACC. OF GRAVITY,
GAM1 = NTRECTTON COSINE (GRAVITY VFATOR ANN X). '

GAM2 = DIRECTION COSINE (GRAVITY VECTOR AND Y).

GAM3 = NIRECTION COSINE (GRAVITY VFFTOR AND Z).

RCMAG = REFERENCE RANIUS FOR ACTING GRAVTITY VECTOR. (TNPUT)
NOPRNT = MULTIPLE OF NELTAT TO PRINT TTMF RFSPONSF.

NOPLOT = MULTIPLE OF NFLTAT TO WRITF PLOT TAPF,

TFLNER = 0 (NON LINEAR TIME PFSPONSF) -

1 (LINEAR ANALYSIS OR FRFO RFSPANSF)

OO0 NINNNININTIOHO
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s BaleNeNeNeNeole)

Commmmccaa
(rovomccas
(memcmccas
fmomcancan
(omsmmanan
(re—emacae

C-—-—-----

c
c

(meemcenca=TuE

s NeNe Ne!

femececana
Coormcmnnaa
r------,;-
Commmmmnie
Comocencn-

Crermmacas

c
e

S, TeT

THE FOLLAWING SFRIFS NF ARRAYS PFRTATN
TO THF MONEL SIMULATINN AND ARE PRINTFD
OUT AT THF QEGINNING OF FACH STMULATTINN

PRREBHBRBBADBRIB RV RNBBRB B RGBRBBBHHIBBRRBERBRRER IR BBRBOBBBSBBBEOGDN

cceeceea=THE TOPOLDGY ARRAY (ITOPNL) FAR THIS CASE FOILI OWS

(1Y (?) ... (NH)
THTS IS THF TNOUT INTFGFR ARRAY TTAPO)
(SFE PREVIOUS CHAPTER «= INPHT NaTa)
CONSTRAINT SOFCTIFYCATIONS FAR THIS CASE FAIinwW

(tH () eu, (NH)

THTS 1S THFE TNPUT INTFGER aRRAY THPATA
(SFF PREVIOUS CHAPTER ~= INPUT NDATA)

~ AN -
—t et pd ok bt b s

SPFCIFTED INTTTAL HINGF ANGLFS
DISPLACEMFNTS (RETAW) FOLLOW

(1) (?) see (NH)
1 i .
2 1 ROWS 1=3 = HINGF ANGLES (CONSISTFNT WITH TTYPE),
: : ROWS 4=-6 = HINGF NISPLACFMENTS= 0 RFIATIVF To P,
& 1
tbtk; V-5
<UP}¥£¥HL{RKGH?
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- a a e

OF

oF

OF

n

RNWs 1-3

RNWS 4~6

cacecame=THF SPFCIFTIFD INTTAL HINGF RATFS (BETAHN) FOLI OW

(?) ces {NH)

1]

ANGUL AR RATFS,

NTSPLACFMFNT RATFS= 0 RF) ATTIVF TO P,

FLASTTC MONRES/RODY ARRAY (IRGFLX) FOLL NWS

(N

(P) oae (NA)

THE JTH FNTRY 1S THF NO. OF FLASTTC
MODES FAR BONY .1,

P/0 HINGF S0TNTS/RADY ARRAY (NHPOT) FOLLOWS

n

() oes (NR)

Fi FMENTS ARE THF NO., OF P/0

HINGF POTNTS ON EACH RNDY,

SENSOP PATINTS/RANY ARRAY (NSPOT) FOI| OWS

(1

(P) eee (NR)

Fi FMFNTS ARF TWF NO., OF SENSOR

POTNTS ON EACH RODY,

Cmmmmmmee=THF MOM, WHEFL/RNNY TABLE (NMOW) FOLLOWS

..... ——-- ]
C'-'---ff- 2
Coe-mmmmme .
Comeo-mm=- .
Cowmoreme- .
C—-------- 6
¢

C PR
Cmememcae=-THE NO,
¢

C

C

(ramncaca=- 1
c

C

C .
CoemcceecaaTHF NN,
c

C

¢

Crocecena= 1
po

C

c .
Coemeeaca=THF NO,
.

C

C

(comemece= 1
C

C

¢

c

c

o

e !
(eemmmemee 2
Coemememm- .
(omcemmme= &
(memememo= »
Commamaa=2+NMWRON
c

c

c

- e & & =t ol

(1)

coL
ROW
ROW
AOMW

W N e

(?) ese (NR)

= JTH RODY

= NO, OF MOM, WHFELS ON RONY J.

= NO, OF VARTARLF SPEED WHFFIS ON RODY J,

= SUCCESSTIVE ROWS ARF THE MOMFNTUM WHFFL NUMBFRS

ON RODY J (IN ASCENDING ORDFR),

O



AN OO

AN DINOOO0ON

OMNOTOOONTON

N

eeeem—--THF STATE VECTOR LFNGTH ARRAY (LENU) FOLLOWS
(1) {(2)  ees (28NR 4+ 2)

1

]
]
(]
]
g
HE
]
]
—

THE FLEMFNTS ARE THE LFNGTHS OF SFGMENTS
O0F THE STATE VECTOR.

NRDER TS

U(1i.Uc2)....u«nn).xr(1)....xrtun$.nrrn.nriTA

eeeee—=THF STATE VECTOR LOCATION aRRAY (LOCU) FOLLOWS

(1) (2)  eoe (28NT + 2)

[}
]
[}
]
]
1
1
1
et
—

LEADING FLFMENT LOCATION IN THF STATF VFCTOR
FOR THF SEAMENTS NDESCRIBFN TM ARRAY (LFNU).

feeell_-THF SPFCIFIED SENSNR POINT/RODY CORRELATION ARRAY (TFTSMW)
(1) (?)  ees (NSPT)
cmcm——— 1 1 THE JTH FLEMFNT IS THE RODY NO, ON
WHICH SENSOR POINT J IS LOCATED,
(bh Gbuig
Pogp, 2y V-7
R o 4Gy

Wtz

FOLLOWS



Qe eme=THF FNLIOWING DATA TS SPECTFIFD MOM, WHFEL TNFOARMATTON (IF ANY)
¢ ANN COMTROLLFR TNFORMATTION

C

c ) S

Cemma= e=a-THF SPFCIFIFD MOM, WHFFL. CONTROL &RRAY (IMN) FOI LOWS
-

r (1 (?) ces (NOFMO)

c

r COL J = JTH MOMENTUM WHFFL

Comecem——— 1 1 POW 1 = WHFEF|_ SFNSOR POTNT NN,

Commmm= ce== 2 ) ROw 2 = SPIN AX'S

Cmmcore——— 3 RAW 3 = 1 acTIVF

c = 0 CONSTANT SPEFD

c

r . - - .
Coomameaax THF SPFCIFTED MOM, WHFFL RATFS aND INFRTIAS (AMN) FNOLI OW
c

c (n () cee (NOFMO)

.

r COL J = JTH MOMFNTUM WHEFL

Commomomen 1 1 PNOW 1 = INITIAL WWFFL SPIN RATF
Coenwameem= ? 1 ROW 2 = SPIN INFRTTA

r

¢

(~eve—eecaTHE SPFCIFIED COMTnoLlER INITTAL fONOITIONS
AND CHARACTERTSTTICS FoLLOW - : =
(THF FIRST NDEI Ta APE INTTTaL CONTROLlEQ %TATF )
VARTABLFSs THFRF ARE K ANNTTIONAL PARAMFTFRS)

THIS IS THE USFR INPUT ARRAY CNTDTa,

YHE ADNTITINMAL K PARAMETERS, TF ANY. ARF
AVATLARLF Tn THF USFR FOR USER-PaK NATA,

THE FIRST NNRELTA ENTRTIFS IN THIS ARRAY
ARE THF INITIAL CONDTTIONS FOR THF
CONTROL VARTARLFS.

OO OD

(5#G&GGQGGQQ’l‘.i."0."‘*#!#.500'##00“#l&“'#ll’#ﬂ.*GOGﬁﬁﬁﬂbﬁiiﬁlﬂﬂﬂiﬁﬂ
C6#5660#6'....6*.!"."QIl’l&l'&.l&.h.'“!lﬂilil!’#ﬁ&##ﬁ&#i##ﬁ*&#i#GGQGG



DO N

c¢»¢§a¢6bao¢¢¢6anuaaoouiaanaa»yonala;unnuuuu&uuu5«66#4*&&44¢¢#¢¢¢a¢44505
ce

ce enapAUTINF MRIGID == OUTPUT FOR RIGTD RODY

ce
C#o#&au@&obd06#“#&#5#6##“*4&#l#§&66¢46560##%6&56605##666690#0#“9#!##&ld&
C

c TMF FOLLOWING TS TYPICAL FAR THF ITH RONY

c ,

Cocmammmm~ SUMMARY OF TMPUT DATa FOR RODY T WHICH 1S RIARIN,
c .

Commmmm- ——THF &X& INFRTTA WMATRIX IS ==

C -

C tn (2) (3) (4) (&) (6)

¢

Commem= 1 1 1xXx ~TXY -1X2 n Y Sy

feama—= 2 1 -1YX 1YY -1Y7 ¥4 0 -SX

(eeme=- 3 1 -17X -12Y 127 ~-SY SX 0

Commmm= 4 1 0 s7 -SY ™ 0 )

[oP— 3 1 =S2 0 S X n M )

(rmmem- 'S 1 SY =-SX 0 n 0 "

r

c . .

T FAR BANY 1 THE P=n HINGE NO. AND THE FULER RATATION TYPF

APPFAR TN THE FOILOWING IMTEGFR ARRAY WHICH TS FOLI NWFD RY
AN ARRAY CONTAINTNAR FIILFR ANGLFS (19293)s AND PNOSTTTION
VECTOR COMPONFNTS (44546) THAT PASTITINON THFE HIMGF TRTAN
wpT THF RODY TRTaAN

cem== DATA HFRF <=e==-

1F RONY T HAS ANY SFNSOR POIMTS,
THE FOLLOWING WItLL RE PRINTEN

\ceee—==o—FOR RONY T THE SFNSOR POTNT NO, AND THF FULFR QROTATION TYPF
APPEAR TN THE FNILOWING INTEGFR ARRAY WHICH TS FOLIAWER

Ay AN ARRAY CONTATNTNG EULFR ANGLFS (14223)4 ANN POSITTON
VFCTOR COMPONENTS (44596) THAT POSITION THE SFNSOR TRIAN

wRT THE RODY TRIAD

COOOOO0MNAIONNONODIOND DO 0N

CGG45666&65"0’GQG’.#.#“&GOG&.#QGQGGGOGDOQGHNQGGQQG”GGGGQGGQQGG##Q.QGQ'
CGGGQGQ64&l'ﬁ*'“@&"ﬁi"bﬁﬁiﬁQQ#““““G'GGQQG&i'#’i#“9.'&#96}#“.6!#“““.‘
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e

C6&6%&&0Gl’d’i&#i#G#IGQ“G&GG#GG#GG{#QG“QGO#Q#HGG}G#666&66#66#6'4#9655#69

o)
Ce CUIRDOUTINF MSMANC = NUTPUT FOR FLFXTIRLE RODYs CONSTSTFNT MASS MATRTX

ce .
COGGG56&6§bGQQOGGQGQGG“!!’GGGGQGGQ#.QGGG#GG##OQ#GG“##G#GGGG##D“Q#G#QGOQG

TYPICAL AUTPUT FOR ITH RODY
THIS SURROUTINF PRINTS OUT SFVFRAL MATRICES TWAT aPF

RELATEN TO THE FORM OF THF GOVERNING FRQUATTONS,

THE RFADER WILL RF RFFFRREN TO VOL T AND THF TNPUT
NaTA STRFAM FNR FURTHFR CLARIFTRATION,

cece—e===GI/MMAPY NF INPUT NaTA FOR RODY T WHICH TS
FI EXIRLF W/CONSISTFNT MASS MATPTX,
meeemeeeeTHE INPUT DARAMETFRS=-== IFRBM, TFNIAKe TFDIAD ARF

SrF TNPUT DATaA FOR MSMODC

cemc=e~==THE JNNF TABLE FAL|LNWR=== .
NEGRFE OF FRFFNOM AS TNPUT

SFF TNPUT DATA FOR MSMADC

ee=e=e===THE MONE SFLECTION VECTOR FOLLOWS
MANF SFLFCTINN VECTOR A4S TNPUT
SFF TNPUT DATA FOR MSMANC -
ceceee-=-FOP RONY NN. T THF POSITION VFCTOR FROM THF RODY ORTATN
A JNINT Kk I8 o o
X = Y = 7 =

WHFRF K 1S JUNINT COORDINATFS
HISFD TO DFVELOP RIGID RONDY MANFS

SEF TNPUT NATA FOR MSMODC

AOMNOOO0N0ONONDONO0NO00ANNIONDNNDINNMNOONADNIDNHIODHODINON
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A0 D

THF COMSTSTENT, RFPARTITINNFN MASS MATRTIX TS--

THTS 1S THE QFoARTITIONFN MASS
MATRTX AND IS FONSTSTFNT WITH
TuF IDOF TARLF,

THE REPARTITINNEN MADAL MATRIX T1S==-

THTS 1S THF QFPARTITIOMFD MON A
MATRTIX. THF o0wS ARE CONSTSTFNT
WITH THE AFPARTITINNFD MASS MATRTX
AND THF COLS ARF CONSTRTFMT WTTH
THF FLEMFNMTS NF THE MORF SFLFCTTINN

VFrTNR,

THF  ~UNDFFNRMEN. INFRTIA MATRTX (MU) TSe=-

THTIS IS THF M0 MATRIX NOTFDR AS
EQUATION II-87 (VOL 1)

TUEPE THEN FOLI NWS MATRTCES

A rOFFFICTENTS
a COFFFICTENTS
COFXY OFFFICIFNTS
COFX7 COFFFICTENTS
COFY7 COFFFICTFNTS

WHICH ARE THE AL PHae Ry AND € COEFFICIFNTS
GIVFN IN THE FXDRFSSION

EQUATION 1I-88 (VOL I)

THFRE THFN FNLLNWS MATRTYCFS

F1le C22s C33,
t12s €13, C?3

WHICH ARE IDENTTFIFO IN
EQUATION I1I-89 (VOL 1)

ORIGIN v-11
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CG666#&6§¢§§¢¢#¢a&d#&b#G#ﬁ6§o6#666#66###4&&####96&60666#4&###GG}#QQ#QGG*
ce

cs claRNUTTINF MSMNADL = NUTPUT FNR FLFYTRLE RONYs LUMPFEN MASS MATRTX
e
C&auﬁ6650##&0G&boo##b&&&&&u#§&§§&%§6*#§#&b%&#ﬂ#&#6*6###6*####§¢§669##§GG
c

TYPICAL OUTPUT FOR TWE TTH RANY

THTS SURRNUTINE PRINTS OQUT SFVFRAL MATRTCES THAT ARF
RELATFN TO THF FORM OF THE GNVFENING FQUATINNS,

TOF PFANFR WILL RF RFFERRFN TA VOI 1 ANR THF TNPUT
NATA STRFEAM FNR FURTHFR CL ARTIFTrATION,

AN OD

----—--;-dHTDUT MaTRTICFS INERPs STATO, MASSOs NOCOFFE, ANCOFF, FEO?F

ARE THE .le =S+ My Dy A+ Fo PARTITTONS
RESPECTIVFLY OF THE MATRIX Mn nF EQUATION 11-87
IN VoL T.

OO D

caremmma=ITPUT MATRIX MUO TS MATRTX MO OF EQUATION 11-87 (VoL I) .

memeceee=0UTPUT MATRICFS ACNF, RCOFs CXYs CXZs CYZo

APF THF  ALPRA, Ry aND C
rOFFETCIFNTS TN THE MaTRIX
ATVEN AS EQUATION II-88 (VOL n .

AN ANDNTODD

v-13
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v-1l4

TPUT MATRICES C11s C22+ C33s
€12, C13. €27

aRF THE CONSTITUENTS OF THF
MATRTX ASTVEN AS EQUATION II-89 (VOL I)

TPUT MATRIX XF0

CONTATNS THF TNITIAL MoDAp
NFFLFCTIONS, (AS INPUT)

TPUT MATRIX XEND

CONTAINS THF INITIAL MNDAL
VFIi 0rITIFS, (AS TNPUT)

R RANY 1 THE P=N HINGF NN, THF FULFR ROTATTON TYPF

n THF JOINT NN, AARRESPONDING TN THF P=0 HINGF

PFAR TN THE FonanIuG INTFGFR ARRAY WHICH 1S FOLLOWFN RY AN
RAaY CANTAINING Fiil FR ANGLFS THAT POSITION THF HINARF

1AD WRT THE BONY TRTAD.

=== NATA HERF =ee=-

RONY T HAS ANY SFNSOR POIMTS,.
F FOLLOHING WItLL AF PRIMYED

R RONY 1 THE SFNGOR POINT NO.e THE EULFR ROTATTION TYPF
n THF JOINT NO. CNRRESPONDING TO THFE SENSNR POTNT

PFAR IN THE FOILLOWINMG INTEGFR ARRAY WHICH TS FOLI NWFN
AN ARRAY CONTATINTNG FULFR 8NGLFS THAT POSITTON THE
NSOR TRIAN WRY THF RODY TRIAD

ewee NATA HERF ==e=-

..lQQ.G.lQl’.'QOGQGQGG“#OGGG#0#######6“#66#6&66b##i&##&#&&’
li'.lﬁ..Qi."#6G9G0#0“‘QQO'Q66&6&&6#'60560666666#6#6hGDQbGD



IF THF USER UTILTZFS POLYNOMIAL INPUT FOR
CONTROI SYSTEM TRANSFFR FUNCTTONS, THE FOLLOWTNG
MATRIX WILL RE PRINTEN,
cemememe=0lITPUT MATRIX CPLY(KP| Yy2aNPLY)
WHERE KPLY = ROW NIMENSION SIZE OF €PLY TN SURROUTTINE CONTR

NPLY NO, NF INPUT POLYNOMTAL RATINS

ANA FOR I = ann INTFGFR =-=

OO0

COL I = NENOMINATOR POLYNOMTAL COFFFTYATFNTS
A ASCFMNDING NRNER

NUMFRATOR POLYNOMIAL COFFFTICTFNTS
TN ASCENNING NRDER

CoL T+1

oo Ne e e e e

‘eemee=—=c=THE FOLLOWING INTFGFR ARRAY (TNNFP) PRFSCRTRFS TNNFPENNFNT
VARTARLFS (1) AND NFPFENNEMT VARTARLES (0)

THF FLEMFENTS OF THIS ARRAY TNFNTIFY
WHTCH VARTARLFS SURVIVF IN THF FIMDU
SEARCH TN DETFRMINFE AN INDFPFNRFNT
SFT TO RF INTFRRATEN,

THF QURVIVIMG VARTARIFS WILL ALSO
DFPPESFNT THF FIRST NX ROWS NF
THF | INESRIZFND MATRIX, Ay USFNH

ay SIIRROUTTINF NYNS40,

NATF = NX = NO, OF NON=ZFRO FNTRTFS TN ARRAY TMREP

AOOTOONITDHOODDHYONNIOOHIODN

CQQG69566696&9““6"####59#69##5##6#6&6#&&”6#&QQG6&““6#6#&6#&“066&66}666
CGGQG5.0“!#60““50#“GGQ'QD#QGQQ#QG““§§§§§§66§§0§66Q55#0&6066##6’6665“59“
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CHP U OB BRI OtRRRRINB RGN NN ER IR ENRRRIBLRGBOOOIBRERNDEROIRABBDORBDOBRRNEBYBAY
Ce
Ce <tiennyYTINF NYNS20 oUTPUT

cCe
CGi666#06OGQG0.0&G'QOQQ.I0}6&#&0’6006.00’66560#09#“46##66'#5“6#5#60##.#“

C

o _

c THF PRINTOUT 1S TYPIcAl FOP A GIVFEN SIMILATION TiMF, T,
C

o THF T=0 PRINT NUT IS ALWAYS GIVFN

C (FVFN FNR A | INFART7ZED ANALYSTR)
¢

r

c THFE DATA ARF PRESENTFN IN VECTOR FnRM AND
c ORNFRFEN AS FOI| ONS=== :

c o

(eeceveee=THF STATF VECTOR Y =

¢ )

Cramecaee=THFE STATE VECTOR TTiMF NDERTVATIVF YDT =

c , :
(wememe===THF RFTAS (FULFR aNGLFSs POSITIAN COORDTNATFS) aARF
P . i ,

(ewmwee-==THE RFTA TIME DFQTVATIVES ARE

c

Ceememe=n-THE NELTAS (CONTON) SYSTEM VARTARLES) ARF

C . _

CmememeeaaTHE NDELTA TIME DFRYVATIVES ARF

i

C

¢
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THE FOLLOWING INFARMATION IS TYPICAL FNR RANNY T,

AN OONIDHOO

mececee-=FOR 8ONY T THF VEI OCTTIES ARF

ORNFR IS OMEBX
AMAY AONY ANGULAR VFLOCITY
OMGB7
0
v RONY TRANSLATIONAL VFLOCTTY
w
XTPN(1)
XTH(?) )
. RONY MORAL VELOGTTIES
X TN (NF)
THFTAN ()
. MOMENTUM WHEFL ANGULAR VFLNCTTY.
. (RELATTIVF TO SFNSOR POTNT TRYAD)
. (8CTIVE WHFFL)
cemmm—— FOR ROMY T THE CORRFSPONDING MOMENTA ARF
NeNER 1S HX

HY RODY aAXFS REF. ANGULAR MOMFENTUM B _
H7 (INCLS CONTRIBUTION OF ~ONST. SPFFN WHFEL)

LY RODY aXFS REF, LINFAR MOMFNTUM

P XT(1)
P XT(?) _
. RODY AXES REF, MODAL MOMFNTUM

P XY (NF)

H Mw(1)
. RODY AXES RFF, MOM WHEFL MOMFNTUM
. (ACTTVE WHFEL)

v-17
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cameca==eFOR RONY T ITS CONTRIRUTION TN TOTAL ANRULAR
AND LINFaAR MOMFNTUM 1S

NRNFR 1S HX
HY ANGUI AR MOMENTUM
H7 v
(RFFERENCFD TOH INERTIAL ORTGIM)
LX _
LY (L INFAR MOMFNTUM
L7

weee-=e==FNR RONY T ITS CONTRTRUTION T TOTAL KINETIC aND
POTENTTAI FNERGTES IS

OO0 IONOO00DODDIOD

ROAAY T THE FLASTIC DFFLFCTTONS ARF

a0
[]
1
)
]
]
4
HE
1
]
n
)
0

¢ .
Cecmece—e=THE INTFRCONNFCTTON CONSTRAINT FORCES (L AMRDAS) ARF

C

C oL

Coomeceme=THF TOTAL ANGULAR MOMFNTUM VFCTOR IS

C

c X,YeZ COMPNANFNTS IN TNERTIAL RFF, aX1S SYSTFM,
c

c L.

Coeemc—mem=THF TOTAL LINEAR MOMENTUM VECTOR TS

C

c XeYeZ rOMPNNENTS IN TNERTIAL REF. AXTS SYSTFM,
C

o

Cmemw=e===THE TOTAL ANGULAR MOMFNTUM =
(meme=e=c=THE TOTAL LINEAR MOMENTUM =
(=e=w—ec—==THF TOTAL KINETIC FNERGY =
(eemm=w=m=THE TOTAL POTENTTAL ENERGY =
Com=mmm—eeTHE TOTAL FNERGY (TeV) =
c
c
c

CGQOGQQDQQG.QQ.Q.QG.'G.'lli.0&6!’!'###0&#64##6#9b##i#bib##@########ﬁQQG
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ce

Ce ciponyTINE DYNS3N OUTPUT

Ce
COQQ»!Ga#ubuuoin&.#lo#6¢§¢¢6a¢§¢¢¢¢o§§¢§#oubo60GQbOﬁﬂﬁbéﬂaiubuQb##&ooobﬂ

C

c

c o .

(eererccn= SUMMARY OF PLOTTING TNFORMATIOM

e

c .
c THF AUTPUT SUMMAPTZES THFE INPUT DATA
c WHICH CONTROLLFD THE TIME RESPONSF
c PLOT LOATC,

C

c SEE TNPUT DATA FOR NYNS30 FOR

c DETATLFN NESCRIPTTONS,

c

C

p NNTF- THE OUTPUT VARTARBLF NRPLOT

c IS THF N0, OF (0GICAL RECORNS

c WRITTFM ON THF PLOT TAPF,

C

¢

¢

c

CDQDQQ&#@QGQQGGGOGGGG#O'Gl&###io##“ﬁﬂ#Gﬁﬁﬂﬂ“###6&6##&“###6&#5###4&466#“
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v-19



isNeNsNele Ne!

CHatntatossab e saata bl 0RssnaoobR RERtNlaAl EtIRINBRRANBBRRIIDERRERBOEY
e
C® <URDAUTINF NYNS4N OUTPUT - | INFARTZFN SYSTFM ANALYSTS

Co
(G6996666606'G“G00“GQQQGOGGOQG66#"664###6%6##600“““#&&6#669###5##'Q###Q

c
c _ o
(rermecmna= NITPUT MATRIX =A= (N.JAINX)
MO = TOTAL NO. OF FAUATIONS
LINFARTIZED (INCLUDING
AUYTLTARY FQUATIONS FRNM
SURROUTIME EQADD)
MX = NO NF TNNEPENDENT STATF FOIIATIONS

. DETFRMINFD RY FINDU IN NYNS?20,

THTS IS THF MATRIX OF PARTYAL NFRTIVATTVFS
WHICH ARF THF | INEARIZFD COMPONFNTS OF THWF
STATF VARTARLFS AS DETFRMINEN RY
SUAROUTINF LTNFAR,

THF ORDER OF THE VARTARLES FOR THF
PAWS 1S
ST2F
SLANT VARTARLFS  NY
CONTROL VARIABLFS NDELTA
FONTROLLFR OUTPUTS NBTO

SENSNR SIGNALS NXSS

THFE FOLUMN ORDFR IS
PLANT VARTABLES NY

CONTROL VARTARLES NDFLTA

AEAOODOONOONONODDNINAONONNO0NODAINDIDIHIIDNNANDO
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AN IOON

cecemmee=OUTPUT MATRIX =T= (NXaNX)

THTS IS THF SIMILARITY
TRANSFORMATION MATRIX

THAT INTRODUCES THF (NRTOQ » NXES)
AUXTI TARY VARTARLES INTO THF
TOANSFORMED STATE EQUATINNS,

pEE. MATRTX ® TN EQUATION ITI-24 (VOL I)

 emeoeeee=0OHTPUT MATRTX Y& (14NX)

THIS TS THF TRANSFORMED eTATF
VFCTNAR INTTIAL CONNITIONS.

REF, VECTOR 7 TM EQUATION III-24 (VOL 1)

AONAAANANDONIIINNNINODION

comememe=NUTPUT MATRIX A% (NXyNX)

THIS 18 THF TRANSFORMED. LINFARTZFD
STATF VARIARLE COEFFICIENT MaTRTY
THAT TS THE RASIS FOR THF ENTIRF
LTNFARTZATTON PARKAGE,

RFF. EQUATION III-28 (VOL I)
THE ROW/COL VARTARLE ORDFRING AN

S17FS ARE:
vaRTaBLE 1D, ST7F
PIANT VARIAALFS NY?2
PI ANT SENSOR STGNALS NXSS
CONTRPOL SYSTFM VARTARLFS NP2
CONTROL OUTPUTS (B*S) NRTQ

NOTE= NY? = NY = NXSS

NP2 = NDELTA - NRTQ

ﬁnonnnnnnnnﬁnnnnn‘nonnnnn hReNe!
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RT a PTA®

RFA&I PART IMAGTNARY PART RFAL PART TMAGINARY PAPT

coMPI EX ROOTS ORTAINED FROM
A AND aA® RFSPECTIVELY.

THESF aRE THF POLFS OF
THE CLOSEN 1|.OOP SYSTEM,

FYYyroeseeTe e FYYS I YR TS R Y Y YT 222222 22 L R 2222 222 X 2222y Y sy g dy

THFE FOLLOWING NUTPUTS ARF CHARACTERISTIC nF
8 SINGLE TRANSFER FUMCTION FREQUENCY RFSPOAMSF,

cememace=0ITPUT MATRPIX -AR-
THTS IS THFE RFDUCED A# MATRIX
FOR A PARTICULAR USER SPECTFTFD
TRANSFER FUNCTTION TYPE,

RFF. INPUT DATA LIST aND
SFETTON ITT. N=2. IN VAL I.

THE RONTS OF AR ARE THE

TRANSFFR FUNCTTON POLFS,
comaceea=OUTPUT MATRIX BRCOL

THTS IS THE VFCTOR (COL) WTITH WHTCH

AR IS AUGMENTED TO DETERMINF THF
TRANSFFR FUNCTTON ZEROS.

AOOOOOOIOO0TINODIHIANONIITOONOONODIDIOODNIDHAODIONOIHOODD
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cememmeo= R AR RART

¢ ; . ..
c QEAL PART IMAGINARY PART REAL PART TIMAGTNARY PART
c
. c 3
o THFSF ARF THF rOMPLEX ROOT ARRAYS
e c Ac EXTRACTEN FROM MATRTCES -
o AR AND AR TRANSPOSE RFSPECTTVFIY,
C -
c THE 1ISER SFELECTS VIA INPUT WHTCH
c SFT OF ROATS Tn USE FNR THF POLFS.
r
c .o
(eronccea= NUM NEN
o :
C REAL PART IMAGTNARY PART RFAL PART IMARTNARY PART
c . .
. o . .
,,,,,, c . .
C -
o NUMFRATOR RONTS RENOMTINATOR ROOTS
— : E ' |
—— c (TRANSFER FUNCTTION 7EROS) (TRANSFEP FUNCTTION POI F€)
¢
Cc . i .
- (o . .
= C . -
: c
o
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cmcmemea=0UTPUT MATRIX RRFD

FILF 1 =
FLE 2 =
FLE 3 =

ELE 4

FLE S

ELF 6 =

FLE 7 =

ELFMFNT | OCATTN

A THRU NNRe+7

V=24

NO.
NO,
NO,

NO.

N,

ND

oF
oF
ofF
ofF
OF

OF

TRANSFER FUNCTTON ROOT ARPAY CONTATNING PONT .
COUNTS, TIMF ANNGTANTS, NAMPTINGs AND FRFOUFNACY
FOR ZFROS AND POI ES.

NUMFRATOR REAL RNOTS. NMNR
NUMERATOR COMPLEX PATRS, NNC
NIJMFRATOR FRFE S'S, NN7
NENOMTNATOR REAL ROOTS.  NDR
NFNOMTNATOR COMPLFX PATRS.NDF

NENOMTNATOR FRFE S1S, NDZ

ANNF GATN, KR,

N

NNR+R THRU 2#NNC + 7

THF ROOTS FOLLAW IN THF ORNFR

DFSFRIPTION

NUMFRATOR TTME CNANSTANTS
NUMFRATOR DAMPING ANP FREQUFNCTFS ==

ZFTAly OMEGAls 7FTAPy OMERAP ===

FRFF S*S ARE NNT INCLUPED

RFMATINING E| FMFNTS ARF DFMONINATOR ROOTS TN SAME
ORDER AS NUMFRATNR ROOTSe TFes

TaU(1) 9eesTAUINDR) sZFTA(1) s OMEGA (1) v 4.+ ZFTA(NDC) +OMERA (NDC)



1 e

THF TRANSFER FUNATION FRENUENCY RFSPONGF FOLLOWS

wEeEeEnNe Ee e e Ne|

....... —— FRFQ/RAN/SEC  FRFA/HERT? RFAL  IMAG AMP NFATRFI S DAD  DFG

] . [

THF DAMPED RFGANANCES (RASFD ON 4
BALE OR ZERA) ARF IDENTIFTYFD
Ry @asve TN BNTH THF LFFT AND RIGHT MaARATNS,

Q""QD'“QQGQQGQGQGG#OQQD#&i#ﬂ“ﬁﬁi#‘ﬂ&#ﬁﬂﬁ

THE FOLLOWING 0HTBUTS ARF TYPICAL OF A RONT
LOCUS TNVESTTIGRATTON,

cacccmeaaNl|TPUT MATRICFS PNFN
BN

THF NENOMINATOR AND NUMERATOR
TQANSFER FUNCTTON POLYNOMTNAY
COFFFICIFNTS ~«= ASCENNING PAWFRS 0OF S,

ﬁf)ﬁfﬁ()ﬁ‘\ﬁ(ﬁf)ﬁ(\ﬁfﬁ‘)ﬁ‘ﬁf\n:ﬁf1nfﬁﬁ

= P(S) = NUMERATOR

: aNn

; n(s) = DEMONTNATOR
PREPROCESSEN

POLYNOMINAL COFFFICTIFNTS AS USED RY RLOCHS,

cecemase= STARTTING POINT

USER TNENTTFIED STARTING POTNT
FOR THE LNCT,

L IMITS ON REAL AND TManTNARY
FOMPANENTS FOR THF LOCT.

cememeem=  SCAN [IMITS

S GATM™ RNOTS FRRNR

PANT LOCUS OUTPUT

AODANOOOOO0ONODNONIONODONO

CG#“#GGﬂﬂﬁi#i#'ﬂ&#l#O‘*G#G6#QGOGG‘QGOG¥#G#GGG##GGGQGGGG666656’0066‘##.0
C‘Gl#D#ﬂQGGGGG"6#"Q*‘QOGQG#QG&####Q#&QG#ﬂ#&#ﬂ“ﬁ&#*#i####“u.o##iﬁ5&0‘6

ORIGINAL PAGE IS
2 OF POOR QUALITY,
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VI.

AUXILIARY PROGRAMS

This section describes two auxiliary digital codes that have

been developed to aid the DISCOS program system user. The first
code is a FORTRAN program which accepts the DISCOS code as input
and, based upon some additional user-supplied input, automatical-
ly redimensions the DISCOS source program to minimize core stor-
age requirements. The second code is a DISCOS/NASTRAN interface
which processes user-supplied NASTRAN generated data into the
required DISCOS input formats.

REDIM - THE REDIMENSION PROGRAM

This code was developed to aid the user in the efficient use of
available digital computer core storage locations. Examination
of existing digital computer codes for generalized analyses of
(possibly) large systems indicates that very frequently the
nature of the code dictates that a great deal of core storage
locations are required (due to the sizes of program DIMENSION
and COMMON blocks). This often leads to inefficient use of
core storage as the user must have available sufficient core
storage locations so as to satisfy the program size. As a
large percentage of program executions probably don't require
the maximum dimension sizes of program storage blocks, it is
obvious that a automatic procedure to alter the program code to
meet a user's specific requirements would be desirable. Program
REDIM was developed to satisfy these requirements.

REDIM is a self-contained code that contains an extensive list
of format statements. The code reads the DISCOS source code
from tape as coded data and reproduces it on the tape unless

it finds an identifying format number in columns 73-75. In

this case, it rewrites the source code according to the format
corresponding to the identification. REDIM, therefore, provides
an efficient and foolproof method of recasting the source input
code to meet the user's requirements.

Following is a morc detailed explanation of the manner in which
the REDIM program can be used.
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PROGRKAM REZIM INPUT DATA STREAM

IR E XSS

s EeNaNaNaNaN el

(€3 ok 3 ok %o 3ok ok ok ook o o ook ok ok o ool sk o i ot o ok o sl o ok ok o R 3K o ok R ok oK ok ROk ok R ok R ko Kk ok
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THERE 1S NO CARD INPUT DATA PEQUISED FOR THIZ
PROGRAM. IF A USER WISHES TL REDIMENIICN THE
D1S8CCS PRCGRAM VIA THE KEDIMENIION PRUGRAM

HZ MUST MAKE THE NECESSARY ACJUSTMEMNTE TO

THE VARIABLES INDICATED BELCW (AnD DEFINED FY
A PROGXAM DATA STATEMENT), RECOMPILE AN
EXECUTE THE REDIM PROGKRAM

THE FCLLOWING PRCGRAM [TATA VARIALLES CiN EE

ACJUSTED
CUSRREMT VALVE

NEMAX = MAXIMUM NUMEER CF LCOIES €
NEMAX = MAXIMUM NUMEEK CF HINGES (3
NSPMAX = MAXIMUM NUMEER CF SENSCR POINTS 15
NMWMAX = MAXIMUM NUMBER CF MUMENTUM WHECLS 5
NMWEOD = MAXIMUM NUMEER OF MOMENTUM

WHEELS PER E0DY -
NMCEOD = MAXIMUM NUMEER CF ELASTIC

MODES PER EBCODY 1z
KY = MAXIMUM NUMBER OF STATE VARJIAELES <EC
JMAXC = MAXIMUM NUMBER CF JOCINTS UN A .

ECDY -~ CONSISTENT MASS 7
JMAXL = MAXIMUM NUMBER CF JCINTI CN A

EODY - LUMFED MASS 10%

sEalaNaNaNaNa¥alslalaialoNelalakalalalalalalsEala oo alalalislalaNa R aNalaRale)
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CUFFENT VALVE

RCW DIMENSICN CF TIME HISTCRY
PLOT DATA ARKAY 100C

MAXZP

SIZE GF TIME RISTCRY FLCT
VARTIABLE SELECTICN VECTOR -= MUST
NCT BE CHANGED -~- l¢

. MXgveL

SIZE OF DUMMY VECTOR 1IN TIME
RISTORY PLCT SECTICN == MULT :
NCT BE LESS THAN NCPL(T -- 1800

MAXGUM

MAXCNT SIZE CF CONTRCL DATA VECTCR iuc

ROW DIMENSIUN CF WORK SPaCe

THAT WILL ACCCMMCDATZ THE

LINEARIZED CGEFFICIENT MATHIX

{A) IN DYNS&4U SEGMENT VIS

L1

L& = SIZE CF FREGQUENCY RESFCISY
’ DATA VECTCRS AND LCAK: SFLNDS
TC MAXIMUM NCo TF PLINTS TC
Et PLCTTED B0

aXeaNaEaEasNaNaNaNalalalsNalealalaNalaEaloYaNeNalaXeNaNaNaNaNaNe Ralal

Comdook sk ok R Rk d ok ok A kR ke R kR Rk ko Ak AR AR AR AR R RS M B S d R Rk E RN R
C*##*;w#*t#*;#*************w:**}******##**#v***k***»#*»*n*u*m¥*#********
C
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NASFOR - THE NASTRAN INTERFACE PROGRAM

The multi-purpose programming system described herein can be
made more versatile if a reliable and efficient means to pro-
cess input data arising from other sources can be provided.

One other source of input data is NASTRAN, a digital code that
is gaining wide acceptance in the aerospace and other industries.
Program NASFOR, described in this section, was developed to pro-
vide an interface between NASTRAN and DISCOS. The program as-
sumes NASTRAN generated structural data is available in a
prescribed format and transforms these data to a format accep-
table to the DISCOS system. Either tape or punch card data

may be processed.

NASFOR is a self-contained code; it processes data from one
source (NASTRAN) and generates data for application in DISCOS.
Originally, it was felt that this interface should be an inte-
gral part of the DISCOS code. However, during development, it
was realized that this would impose a large overhead on the
dynamic response program and it was, therefore, decided that
NASFOR should be a stand-alone program.

NASFOR has the capability to process either tape or punch card
input and create either tape or punch card output. The output
formats are consistent with the input requirements of the DISCOS
program system. The input formats assume that NASTRAN generated
data is double precision and in OUTPUT2 format if on tape or is
single precision and of the format (24X,3F8.0) if on punched
cards. Reference to the example following indicates the format
requirements for all other date required to exercise the pro-
gram.

The code was designed to process NASTRAN generated structural
data for a series of bodies and to create DISCOS input compati-
ble with subroutine MSMODL, the lumped mass input routine. It
is assumed that the available data is in a specific format as
follows:

For a body whose inertial and geometric characteristics are
defined at a set of NJ discrete joints,



1. Ine

where

and the total assembled mass matrix is of the quasi-diagonal

form

rtial Properties

m S
-4
m -S
2
m Sy —Sx
J -
XX Xy
(Sym,
ym) vy
m = mass

= gtatic mass moments

X,¥,2

= jnertias
KX, 00522

g

L

6NJIx6NJ

2. Joint Coordinate Locations

i) card input data
G = [x y z] NIx3
with x = x1 X, R
1xNJ
y =1y Yy T
172 NJ_I 1xNJ

6x6
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or ii) tape input data

G= G1 - Go

with Gl = [n X ¥ z} NIxb

where n = Lp Ny o v nNJJ ?xNJ are joint numbers and will be
ignored by tée tape reading section and x, y and z are as above

andG=[x y z
o o] o o] NIx3

where x
null.

or Yo and 2z, are user-supplied card inputs and may be

3. Modal Properties

o= |& &
[ R E] 6NJ xNM

where ®gr = NR rigid body modes
®&_ = NE elastic modes and NM = NR + NE

E

and where

¢, = (¥, & ®, $ T

J L 1 ™2 ' i NJJ 1x6NT
and &, = |h h h o @ T

a
i [ Xy z x ¥ zJ 1x6

with h = modal displacement amplitude

3/}

o = modal rotation amplitude.
X,¥,2
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4. Generalized Stiffness and Damping

K and C = |C__
8EN | NExNE 8N | NExNE

K =

The data input as previously noted, are manipulated within the
program ard the results are written on tape and/or provided as

punch card output as follows:

1., inertial properties

M= l? m mN J T
172 J1 1w
= I
S le Syl 521
Sy s S,
L XNJ YNJ NJ NI x3
J = Jxxl Jyy]_ Jzzl nyl szl
L JXXNJ JYYNJ JZZNJ JXYNJ JXZNJ

2. joint coordinate locations

yz1

Y2NIJ Nrx6
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3. modal properties

4
X,¥,2

gen

gen

N,

- X,¥,2

- Ky NE

- K NE

1,NE

NE, NE

nLNE
x’y’z

NJ,NE
h
X,¥,2

1,NE

4
. 9x%,y,2

NExNE

NExNE

NJ,NE

Xy,¥V,2

generalized stiffness and damping

NJxNE

NJIxNE



NASFOR consists of a main program, 8 program subroutines to pro-
cess the data and 10 auxiliary input/output routines. The func-
tion of the program routines is indicated in Table VI.B-1. and a
logic flow diagram appears as Figure VI.B-1.

Table VI.B-1. Description of NASFOR Subroutines

Subroutine Function

MAIN Program control

TFETICH Fetch a matrix from NASTRAN tape
CFETCH Fetch a matrix from cards

GMASS Generate mass data

GMODE Generate modal displacement data
GGEOM Generate geometric data

GSTIF Generate stiffness data

GDAMP Generate damping data

PRINTT Print entire input tape (on option)

The code has been designed to minimize input data requirements
yet provide a high degree of flexibility. Following is a de-
tailed explanation of the input data stream requirements.
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[ 9999 CALL START J

CALL PAGEHD

WRITE (NOT, 1)

READ (NIT, 1000) NTAPEl, NTAPE2, NTAPE3

READ (NIT, 1001) TAPEID
READ (NIT, 1000) IFPRNTL, IFPRNT2, IFPRNT3, IFPNCH

|

WRITE (NOT, 1002) NTAPEl, NTAPE2, NTAPE3, TAPEID
WRITE (NOT, 1003) IFPRNT1, IFPRNT2, IFPRNTJ, IFPNCH

BN 10N XNVvIE asyg NNy

<0 >0

NTAPE2

=0 REWIND NTAPE2

@Tﬁ CALL INTAPE (NTAPE2, TAPEID)

| NTAPEZ = 1ABS (NTAPE2) |

[.mu'rz iot, 991) |
[ REWIND NTAPE1 1

[ =ew @i, 1000 %8|

IFLAGT = 0
IFLAGC = 0
A'—————.<DO 5000 NBODY = 1, NB |
]
[ CALL PAGEHD ]

[Tweap (w11, 1000) N3, NE, MR |

WRITE (NOT, 1004) NBODY, NJ, NE, NR
READ (NIT, 1003) ( (IDMAT (1, J), J=1, 5), I-1, 2)
NMC = O
HMT = O

IDMAT (2,0)
= CARD

]

—< scoriwe |







AOATOA

&

T wm CCADT -

4 CONTINUE ]

WRITE (NOT, 991)

MATID = }

T rre

T

»

IDMAT T

MATID = 4

WRITE (NOT, 991)

|

CALL TFETCH (MATID, WJ,
NE, NR, NMT, IFLAGT)

N

CALL CFETCH

,__.< 4999 CONTINVE ]

!

.,_____<' $000 CONTINUE ]







A

{7 ERVBL ddpra o=
TI-1A pov TT-14

4

‘I|cIA

oS woubory ‘t014 0r807

MATID = ]

MATID = 2

MATID = 4

MATID = 3

i

MATID <1
or
HATID >5

WRITE (NOT, 991)

[MmatRrr - oAt (2, Eﬁ&

=

CALL TFETCH (MATID, uJ,
NE, NR, NMT, IFLAGT)

F |
MATPMT T
- n”WW\\\\\

4

Alllﬂ 4999 CONTINUE J
i

l 5000 CONTINVE |

CALL LTAPE (NTAPE2)

]

[ GO ta 9999 1

1000 TORMAT (1615)
1001 FORMAT (1246)
1003 TORMAT (5 (A4, 6X) )






(s NaNaleNal

Cantd xsknktdbbhppdhbbhhibnhkdrkirkdrrfkkdnhdikkkkn ki ki kkrgkrhkkkk
CHEt RERRRRERBERXIERERRERRRER AR BREERED R RBRERRRR KRR RRR SRk R R bk k%

PROGRAM NASFOR INPUT DATA STREAM

k%K% R %%

(aNaNaNeNaNaNe

Comnsrthhhdbbhhng ok trdhkdh@kkdiokbkdkkd kgl kg ko ko kb kkokkdok kokkk gkt k)
CRREERE SRR R ERE R R RS KRR Rk ok e o ook 300 o o o 0 o o e o o ool o ok ol ok ok ok ok ko

PRCGRAM READS NASTRAN CUTPUT TAPE AND/OR CARDS,
MANIPULATES THE DATA AND WRITES (PUNCHES) TAPE
(CARDS) TO BE USED AS INPUT TO PROGRAM D1SCOS

PURPOSE —— PROCESS NASTRAN STRUCTURAL DATA
FCK A SER1ES OF FLEXIBLE BOD1ES
AND GENERATE DATA CONSISTENT
WITH DISCOS SUBROUTINE MSMODL
INPUT RECUIREMENTS

ASSUMES —— FOLLCWING NASTRAN DATA AVAILABE
FCR ALL FLEXIBLE BCDIES
MATRIX | SIZE

MASS - LUMPED 6NJ X 6NJ
MODES 6NJ X (NE+NR)
GEOME TRY NJ X 4
STIFFNESS — MODAL NE X NE
DAMPING - MODAL NE X NE

alalalslalaloNelalaNaNoaNeNaNa el aNaNa e Xakaknkaisia ok e
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NOC. OF JOINTS ON BODY
NO. OF ELASTIC MODES RETAINED FOR BODY
NO. OF RIGID BOGDY MODES

WHERE NJ.
NE
NR

"o

ASSUMES --

1. NASTRAN MATRICES WRITTEN DOUBLE PRECISION
(REAL*8 OR ITYPE = 2) IF ON TAPE

2. NASTRAN MATRICES WRITTEN SINGLE PRECISION
(FORMAT = 24X,3F8.0) IF ON CARDS

3. MAX(NJ)
MAX (NE)
MAX (NR)

1000
10 —— REDIMENSION 1F SO REQUIRED
6

LLI L 1}

NCTE -

(--=—-—-—————INDICATES WHERE DATA INPUT
IS KEQUIRED

NIT = INPUT TAPE NUMBER

—e———————9699 CALL START (SEE FOLLOWING)

CALL COMENT (SEE FOLLOWING)

READ(NIT,FORMAT = 315) NTAPEl, NTAPEZ2, NTAPE3
NTAPEl1 = LOGICAL UNIT NASTRAN INPUT TAPE (EG, 20)

NTAPE2 = LOGICAL UNIT OUTPUT TAPE (EG, 30)
NTAPE3 = SCRATCH (EGy 40)

READINIT,FORMAT = A6) TAPEID

(aNsXalaXalakskakakakakakeknXealisEalalaloNaloNaNasEalaRa N aRelalaXalalaRaXaNaYeRalaluNeNalalaNalaNaReNaNalg)

TAPEID = 6 CHARACTER TAPE IDENTIFICATION (EG, L12345)
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READ(NIT,FORMAT = 415) IFPRT1, IFPRT2, IFPRT3, IFPNCH

IFPRT1 NE O PRINT NASTRAN DATA
IFPkTZ NE O PRINT OUTPUT DATA
IFPRT3 NE O PRINT NASTRAN HEX TAPE IF ERROR FOUND
IFPNCH NE © PUNCH CUTPUT DATA

READINIT,FORMAT = 15) Nb

NR = NO. OF BCDIES FOR WHICH DATA AVAILABLE
ON THE NASTRAN TAPE (EG, 2)

IF(NB .EQ. O) STOP WRITE ERROR MESSAGE
AND TERMINATE

THE FCLLOWING LOOP IS EXECUTED FCR EACH BODY
DC 5000 NBCDY = 1,NB

————————————— READ(NIT,FORMAT = 315) NJy NEs NR

aXsiniskniniskaiskekakakskakaksialakaXsXeKkakaNalalaasXaNaNalalaXalaNaNa N

NJ = NC. OF JCINTS CON BODY (EG, 11)

NE = NO. OF ELASTIC MODE RETAINED FOR BODY (EGy 51}

NR = NO. OF RIGLID BCDY MODES (EG, O}
cemec—ec——e—m= READ(NIT,FORMAT = 5(A4s6X)) ((IDMAT(I5J)yJ=145),1=1,2)

IDMAT 1S AN INPUT ARRAY OF SIZE 2 X 5 THAT
DEFINES THE ORDER OF INPUT DATA TO BE READ
FROM TAPE CR CARDS BY MATRIX FUNCTION AND
ALSC SPECIFIES WHETHER DATA 1S TU Bt READ
FROM TAPE OR CARDS

THE DATA WILL BE PRCCESSED IN THE ORDER J=1929ee95

aNaNeNaNalaXaNaRaNal
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AN EXAMPLE IDMAT ARRAY 1S

L 4 4 * %k %
IDMAT = * *
*GEOM MASS MODE STIF DAMP*
x *
*CARD TAPE TAPE TAPE TAPE*
* »
a3k . ek %

AND INDICATES DATA TC BE PROCESSED AS
1. JOINT GEOMETR1C DEFINITIUN FROM CARDS .
2+ JOINT LUMPED MASS DATA FROM TAPE
3. ELASTIC MODAL DATA FROM TAPE

4. MODAL STIFFNESS FROM TAPE
5« MODAL DAMPING FROM TAPE

THE FOLLOWING LOOP 1S EXECUTED 5 TIMES PER BODY

DO 4999 MAT = 1,5
MATFMT = 1DMAT(2,MAT)

IF‘MATFMT -EQ. TAPE) CALL TFETCH(o.’..’o.o'o"o'..‘o,

IF(MATFMT .EQ. CARD) CALL CFETCH

TFETCH 1S TAPE PROCESSING CCNTROL SUBROUTINE
CFETCH IS CARD PKOCESSING CONTROL SUBRCUTINE

SEE FOLLOWING FOR DESCRIPTION
4999 CONTINUE
5000 COCNTINUE
GO TO 9999

END

aknkuksksXaksinksislakekakeXalakaiaXakaXalaRskakakalslaEeEakalsRaNaNalalalaNalalaalalalaNaNaNaNaNaNaRaR e
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C*‘*‘******t**‘***#*###*#*************************#**#**#********##****#
Cx

Cx SUERCUTINE START =~ INPUT IDENTIF1CATIONS

C*

CBikohkok ko A ok ok ko ow kg 2 2 ok o ok 2 ok ok 2 2 25 ok o ok o o0 o0 3% 3 2 o o 2k 3 ok bl e ok ook 3 ok ol ok o 3 o e e e ol ok % e ok e ok ok ok
c

Cc- READINIT,FORMAT = Ab6,4Xy3A6) 1RUNNO (UNAME(1),1I=1,3)
JIRUNNC = KUN 1DENTIFICATION (6 CHARACTERS)
UNAME = USERS NAME (16 CHARACTERS)

TIRUNNO EQ 4HSTOP — TERMINATE THE RUN
IRUNNC NE <HSTCFP -~ CONTINUE THE RUN

READINIT,FORMAT = 12A6) (TITLE1(I),1=1,12)
READ(NIT,FCRMAT = 1ZA6) (TITLEZ(11+121412)

TITLEYL = 72 CHARACTER TITLE
TI1TLEZ = 72 ChARACTER TITLE
RETURN

END

Xz Xsiziaksinisiaksiainialalsisiataiataks

CHakhpr kg kR hnd b hRoxd ok hakogahhakokp kRl gk ook ok ok o ok ok ok ok %% ok 3 ek deokodok ok ok
C»

C» . SUBROUTINE COMENT — INPUT USER SUPPLIED COMMENTS

C*

Coeakan sk kb h bbb bRk kA AR RXRX KR ESERRERERRBRRRRR KX ED R RFX R FER DR HR X FE ¥ REK
C R

(---———==—e——ee READI(NIT,FORMAT = 13A091XyAl) (IREMRK(1)y41I=1413),y IPGHD
c

C IREMRK = 76 CHARACTER COMMENT

C IPGRD = NEW PAGE FLAG

C

C IPGHD = 1HP —— NEW PAGE BEFORE PRINTING

C THERE IS NC LIMIT TC THE NUMBER OF COMMENT
C CARDS EUT THE LAST ONE MUST CONTAIN ZERO

c IN COLUMNS 1 THRU 10

C

C RETURN

C END

C

c
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C

c
C#*#‘#*#**#####*********#***##******#“*****#****##**#####**t#***t***#*#
C= l

C* SUBROUTINE TFECTH

C*
C*tt******#**####t##******##**‘******‘*#*#*******#**#****#**##t*#****###
c

c THIS SUBRCUTINE READS NO INPUT DATA

c DIRECTLY BUT DCES CALL AUXILIARY

c SUBRCUTINES DEPENDING UPCN THE VALUE

c OF THE INPUT ARGUMENT -MATID-

C

C THESE AUXILIARY SUBROUTINES READ

C " DATA AS DESCRIBED LATER

C

c- IF (MATID JEQ. 1) CALL GMASS(..) LUMPED MASS DATA
c- - - 1F  (MATID .EQ. 2) CALL GMODE(..) MODAL DATA
(e IF (MATID J.EQ. 3) CALL GGEOM{..) GEOMETRIC DATA
C- - - IF (MATID .EQ. 4) CALL GSTIF{..) STIFFNESS DATA
- - IF (MATID JEGe. 5) CALL GDAMP(..) GAMPING DATA

C

c RETURN

C END

C

c

C

C

c

CASRRRARABRRRASRARRBIRERRR BRI FREERXIBERSRKRRRERAS ARSI RFTRRRBE R E R XA DK EE
C* ) -
Cx SUBROUTINE CFETCH

Cx
C****##*#*#*#####**#******######*#**#****###******#***#**#*t&*****t*#*#*

c

c THIS SUBROUTINE READS CARD INPUT DATA AS FOLLOWS --
c -

C- READ(NIT,FORMAT = Ab6,4X,215) ANAME, NR, NC -

C :

C ANAME = 6 CHARACTER MATRIX IDENTIFICATICN

c NR = NO. OF ROWS IN MATRIX

C NC = NOo OF COLS IN MATRIX

C

c DO 100 I = 1,.NR

C

C - READ(NIT,FORMAT = 24X,3F8.0) (WR(J)J=1,4NC)

c

c {WR(J)4J=19290e.9NC) = INPUT ROW 1 OF MATRIX
C :

C 100 CONTINUE

C

C RETURN

c END

C
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C
ChnnmndhindhdRshag R ik d AR AR ERERRRRRARES EREERRREERIEXERR KX DR RRAR R RS E 4%
C»

C» SUBRCUTINE GMASS

(of

C#****##*#*##****##****#*t***i***ﬁ*#**********#*****t*‘#********#**#****

C

c SUBRCUTINE READS CUTPUT TITLE CARD FOR

C EACK BUDYS MASS, STATIC MASS MOMENT AND

C INERTIAL DATA

c — - -

c DATA READ ON FI1KST CALL FOR EACH EQODY

C

Cmmmm—mmmmmmm e READINIT,FURMAT = 3(A6,4X)) ANl, AN2, AN3

c

C AN1 = 6 CHARACTER CUTPUT TITLE FOR MASSES

C ANZ = 6 CRARACTER CUTPUT TITLE FOK STATIC MCMENTS
c ANZ = 6 CHARACTER CUTPUT TITLE FCR INERTIAS
c

c RETURN

C END

C

c

¢

4

C
C*ﬂ#****#***#***i**#*****#***#***********#*#*****#**##*##******t********
C» .

C» SUERCUTINE GMCDE

Cx

Ct“tt*#*##t*‘*?t***#*###*#**#t#*l*t**#**#******tl********##******‘*****

SUEROQUTINE READS OUTPUT TITLE CARD FOR
EACH BCDYS MODAL DATA

DATA READ ON FIRST CALL FOR EACH BOUDY

~= READ(NIT,FORMAT = 6(An,4X)) ANl, AN2, AN3, AN4, AN5, ANé

AN1 = ¢ CHARACTER CULTFUT TITLE FGR HX MODAL AMPS
ANz = & CHARACTEF CUIUT TITLE FOR HY MGDAL AMPS
ANZ = 6 ChARACTix CUTFUT TITLE FOK hZ MCDAL AMPS
AN4 = &6 CRAXACTER CUTPUY TITLE FOR SIGX MODAL SLOPES
ANS = 6 CHARACTER OUTPUT TITLE FUR SIGY MODAL SLOPES
B%6& = & CHARACTER OUTPUT T,LTLE FCOR SIGZ MODAL SLOPES
RETURN
END

VI-19
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e T T T RS PR R L SR Rt Rl Ll et bl d b bl
(o
C» SUBROUTINE GGEOM

C*
Cotakkkdkkb kbRt Aok ko kR koA kR kR Rk kR Rk Rk ko kk kR kRN Rk kS

SUBROUTINE READS INITIAL GEOUMETRIC DATA TO
BE MANIPULATED WITh INPUT TAPE GEOMETRIC
DATA AND OUTPUT TITLE CARD FOR EACH

BODIES GECOMETRIC DATA

DATA READ ON FIRST CALL FOR EACH BODY
INPUT FORMAT FOR SUBROUTINE RtAD EXPLAINED
ELSEWHERE IN THIS DCCUMENT

INITIAL GECMETRIC DATA (MAY BE NULL) 1S
PKOVIDE TC ACCOUNT FOR POSSIBLE '
GECMETRIC OFFSETS

— CALL READ (WS yNRyNCyKWSyLWS)

NR = INPUT NO. OF ROWS (MUST = NJ)
NC = INPUT NO. GF COLS (MUST = 3 )
WS = INPUT MATRIX OF INITIAL
GEOMETRIC CUORDINATES —=- SIZE = NJ X 3
THE FINAL GECMETRY FOR NJ JOINTS
WILL BE COMPUTED AS
% K xR *hk *hE >k k
* x{1) Yil) (1) * * * * *
* . . . * * X Y 2 % * X Y 2 %
. . e * = ¥ * - % *
* . . * * (TAPE) = * (CARD) *
- . -« % * » » »
. JE . . * ® * * *
* X(NJ)  YINJ) Z{NJ)= * * * *
* k% *ak % ¥ * %k *dokk

SO THAT, FOR THE ITH JGINT

X{1) = X{I) FROM TAPE INPUT - X{I) READ ABOVE
Y(I) = Y(I} FROM TAPE INPUT - Y(I) READ ABOVE
2(1) = 2(1) FROM TAPE INPUT - Z(I) READ ABOVE

READ(NIT,FORMAT = A&) ANl
ANl = 6 CHARACTER OUTPUT TITLE FOR GEOMETRIC DATA

RETURN
END

aRalainlsiainiakalsiaiakakaiaialalakaXaaEaNaNaNaNalaNakaloRalalnlalalalalaNaNeNaNaNaRaRaly
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CARRBRRIRBRABRARR BRI RSB ARRATRRRERRRRRR RN ERFERRE R AR DR RR R B dh Rk Rk R
C»

C» SUBROUTINE GSTIF

C»*

Cow ko ol s okokok ol ok ok ok okok 25 o 3ok 30k 20 ok okl o b oK ol o0 2 3 b ok ool o e o bl ook oK o ol o ol o ok ok o ol ok ok ok ok okolok ok

C

SUBRCUTINE READS CUTPUT TITLE CARD FOR
EACH BODYS MCGDAL STIFFNESS DATA

DATA READL CN FIRST CALL FOR EACH EOQDY

- READ(NIT,FCRMAT = A6) AN]

ANl = 6 CHARACTER QUTPUT TITLE FOR
MODCAL STIFFNESS DATA

RETURN
END

aNeNaNalelalaNealelaNaNalaNalaleaNaNaNaNal el

CHREXRRARSABRRNRBRRRSRBRRARRRFSSXXRBEERR R R RRKRREE TR RS R EXF XA FE AR RS R R ER K Rk
(o

Cx SUBROUTINE GO AMP

C* '

CHRSAP R RBBRARREAREA AR RBARAR R RSB RADERRRRRP KRR RBS R A DR R RS Rk kR R KRRk ®

C

C

C SUEROUTINE READS OUTPUT TITLE CARD FOR
C EACH EQDYS MCUDAL DAMPING DAVA

C

C DATA READ GN FIRST CALL FOR EACE BCDY
C

c

Crmmmrm e READ(NIT,FORMAT = A6) ANl

c

C ANl = &6 CHARACTER OUTPUT TITLE FOR

C MODAL DAMPING DATA

c

C

C RETURN

C END

C

c

c
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APPENDIX A--INPUT/OUTPUT SUBROUTINE EXPLANATIONS
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This appendix presents excerpts from Synthesis of Dynamic Sys-
tems Using FORMA--Fortran Matrix Analysis, MCR-71-75, Martin
Marietta Corporation, Denver, Colorado, May 1971, that explain
the subroutines from the FORMA library used in the digital com-

puter program.

T




COMENT

Subroutine COMENT reads input comment cards and reproduces
each card in the printed output of the computer run. Each com-
ment card may have any keypunch symbol in card columns 1 thru
78. A use of COMENT is to print an explanation of coordinates
used in a computer run. Thus, this information is always re-
tained with a run to correlate matrix location numbers with

physical coordinates.

R. L. Wohlen
May 1971

Last Revision: R, L. Wohlen
Sdpt. 1971



INTAPE

Subroutine INTAPE initializes a tape (a disk is preferred, See
writeup of Subroutine WTAPE,) for the FORMA tape system by writing
EOT (end of tape) at the beginning of the tape (disk). All FORMA
tape subroutines recognize this EOT as being the end of written

" data. Each "new" tape (disk) must be initialized with this Sub-

routine INTAPE to make the tape (disk) compatible with the other
FORMA tape subroutines (LTAPE, RTAPE, WTAPE, and UPDATE).

A "new" tape (disk) is defined as a tape (disk) for which it
is desired to s'art writing matrix data at the front of the tape
(disk). Thus, a "new'" tape (disk) could be one with obsolete
FORMA matrix data on it as well as one that has never been written
on by the FORMA system.

As an example, pertinent statements from a program containing
INTAPE could be:

DATA NIT,NOT/5,6/
1001 FORMAT (12A6)
NRTAPE = 10
READ (NIT,1001) IFINIT, TAPEID
IF (IFINIT .EQ. GHINITIL) CALL INTAPE (NRTAPE,TAPEID)

The input data (starting in card column 1) to this example
program would be:

either INITILTXXXX, if the tape is to be initialized.
(TXXXX represents the particular tape number
used, e.g., T1234);

or NOINIT, if the tape 1s not to be initialized.
The tape identification is not needed.

R. L. Wohlen
May 1971
A-3



Subroutine LTAPE lists the matrix headings (see Subroutine
WTAPE writeup) written on a FORMA tape (or disk). These matrix
written by Subroutine WTAPE and consist of:

headings were

A-4

NO.

RUN NO.

NAME

NROWS

NCOLS

DATE

NNZ

PARTITION

Matrix number on tape;

Run number of problem when matrix was written on
tape;

Matrix name;

Number of rows of matrix;

Number of columns of matrix;

Date when matrix was wriﬁten on tape;

Number of nonzeros (just used in sparse FORMA
where only nonzeros are used);

Partition number of sparse matrix.

LTAPE

R. L. Wohlen

May 1971



READ--1/6

Subroutine READ reads a matrix of real numbers (a FORTRAN
term for numbers with a decimal point) from either cards or tape
into the computer. The matrix is then printed so that these in-
put data are recorded with the answers of & run. A print sup-
pression option is available for a matrix read from tape, On
option, the matrix read from either cards or tape may be written
on a tape (by Subroutine WTAPE) .

The first data card read by Subroutine READ contains the in-
formation to indicate whether cards or tape will be used. The’
information entered on this card (and subsequent cards for card
input) is given below.

Card Data Input Form

Required entries are denoted by an * symbol below. Any other
entry is optional

Card Format
Columns Type (1) Entry

First Card 1-6 A *Matrix Name. Will appear
' in printout.
7-10 I *Matrix Row Size.
11-15 1 *Matrix Column Size.
16-69 A Any remarks to further iden-
— tify the input matrix.

72 $§. Only if the Write-Tape
is to be initialized by Sub-
routine INTAPE. The Write-
Tape identification will be

- from card columns 73-78.

72 or Anything other chan § is the
Write-Tape is not to be ini-
tialized.

73-78 A The Write-Tape identification.
(e.g., T1234). Use with $ in
card column 72.

73-78 or REWIND. The Write-Tape will
be rewound before being used.

73-76 or LIST. The Write-Tape will be
listed by Subroutine LTAPE
after the matrix has been
written on the Write-Tape.

73-78 or Anything else will be ignored.

79-80 1 The Write-Tape Number. (e.g., 21).

or Blank if the matrix is not to

be written on tape.

Write-Tape Options

A-5
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Card Format
Columns Type (1) Entry
Middle Cards 1-5 1 *Row Number of matrix elements
on card.
6-10 I *Column Number of matrix ele-
ment in first data field.
11-27 E *First data field with matrix
elements. (2)
28-44 E *Second data field with matrix
elements. (2)
45-61 E *Third data field with matrix
elements. (2)
62-78 E *Fourth data field with matrix
elements. (2)
Last Card 1-10 I *Ten zeroes.

Note (1) Format Type A allows any keypunch symbol.
Format Type I allows only integer numbers right justified
in the field. Format Type E allows only real numbers
(a FORTRAN term for numbers with a decimal point) any-
where in the field.

Note (2) Only nonzero elements need be entered.

As an example of card input to Subroutine READ consider the
following matrix:

[Al*C]3x6 = 1. 0. 3. 0. 6. 5.

This matrix is also to be written on tape number 21 that is to

be initialized and identified as T4334., Figure 1 demonstrates
how this informaticn could be written on a coding form to facili-
tate keypunching to cards.

A-6
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Figure 1 Example of Card Input for Subroutine READ
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READ--4/6

Tape Data Input Form

Required entries are denoted with an * gymbol below. Any
other entry is optional. Only one card is used for each matrix
read.

Card Format
Columns Type (1) Entry
One Card 1-6 A *Name of matrix to be read
from the Read-Tape.

10 Zero. The Read-Tape will
. move forward from its present
position and search to the
.end of the tape. If the
matrix is not found upon the
first end-of-tape encounter,
the tape will automatically
rewind and make one more
pass. If it is not found on
the second end-of-tape en-~
counter, an error message
will be printed and the pro-
gram will stop.

7-10 I or Minus the location number of
matrix on the Read-Tape. Tape
will be positioned at the be-
ginning of the location speci-
fied and then continue as
described above for a zero
in column 10.

11-15 I *The Read-Tape Number. (e.g., 11).
If positive, the matrix read
will be printed in the output.
If negative, the matrix read
will not be printed in the

output.
16-21 A *Run number of matrix to be
read from the Read-Tape.
22-27 REWIND. The Read-Tape will
be rewound before being used.
22~-25 or LIST. The Read-Tape will be
listed by Suproutine LTAPE.
22-27 or Anything else will be consid-

ered as part of the remarks
described below.

A-8
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‘ Card Format
! Columns Type (1) Entry

28-69 A Any remarks to further iden-
tify the input matrix.

72 $. Only if the Write-Tape

£ _ o is to be initialized by Sub-
i routine INTAPE. The Write-

g Tape identification will be

S ' from card columns 73-78.

72 or Anything other than $ if the
Write-Tape is not to be ini-
tialized.

73-78 A The Write-Tape identification.
(e.g., T1234). Use with § in
card column 72.
73-78 or REWIND. The Write-Tape will
be rewound before being used.
73-76 or LIST. The Write-Tape will
be listed by Subroutine LTAPE
after the matrix has been
. written on the Write-Tape.
73-78 or Anything else will be ignored.
79-80 1 The Write-Tape Number. (e.g., 21).
or Blank if the matrix is not
L_ to be written on tape.

Write-Tape Options

Note (1) Format Type A allows any keypunch symbol.
Format Type I allows only integer numbers right justi-
fied in the field.

As examples of tape input to Subroutine Read consider:

Example 1. A matrix named AB2 with run number of RUN-46 is to
be read from tape number 11 into the computer and
printed. This matrix is also to be written on tape
number 22 that is to be initialized and identified
as T4321.

Example 2. A matrix named XYZ4 with run number of TKD Is on tape
aumber 13 twice. The first time is at location 29
and the second time is at locatiom 54. It is desired
to read the second matrix.

Figure 2 demonstrates how these two examples would be written
on a coding form to facilitate keypunching to cards.
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READIM--1/6

Subroutine READIM reads a matrix of integer numbers from
either cards or tape into the computer. The matrix is then printed
so that these input data are recorded with the answers of a run.

A print suppression option is available for a matrix read from
tape. On option, the matrix read from either cards or tape may
be written on a tape (by Subroutine WTAPE) .

The first data card read by Subroutine READIM contains the
information to indicate whether cards or tape will be used. The
information entered on this card (and subsequent cards for card
input) is given below.

Card Data Input Form

Required entries are denoted by an * symbol below. Any other
entry is optional.

Card Format
Columns Type (1) Entry

First Card 1-6 A #Matrix Name. Will appear
' in printout.
7-10 I *Matrix Row Size.
11-15 I *Matrix Column Si:ze.
16-69 A Any remarks to further iden-
tify the input matrix.
72 $. Only if the Write-Tape
is to be initialized by Sub-
routine INTAPE. The Write-
Tape identification will be
from card columns 73-78.
72 or Anything other than $ 1f the
Write-Tape is not to be ini-
’ tialized.
73-78 A The Write-Tape identification.
(e.g., T1234). Use with §
card column 72.
73-78 or REWIND. The Write-Tape will
be rewound before being used.
73-76 or LIST. The Write-Tape will
be listed by Subroutine LTAPE
after the matrix has been
written on the Write-Tape.
73-78 or Anything else will be ignored.
79-80 I The Write-Tape Number. (e.g., 21).
or Blank if the matrix is not
to be written on tape.

Write-Tape Options
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READIM~--2/6

Card Format
Columns Type (1) Entry
Middle Cards 1-5 I *Row Number of matrix elements
on card. .
6-10 I *Column Number of matrix ele-
R ment in first data field.
11-15 1 *First data fleld with matrix
elements. (2) o
16-20 I *Second data field with matrix
elements. (2)
etc
76-80 1 *Fourteenth data field with
matrix elements. (2)
Last Card 1-10 I *Ten zeroes.

Note (1) Format Type A allows any keypunch symbol.
Format Type I allows only integer numbers right justi-

fied in the fleld.

Note (2) Only nonzero elements need be entered.

As an example of card input to Subroutine READIM consider the
following matrix:

[Al*C]3x6 = {1 0 3 0 6 5
0 2 4 0 0 O
0 7 00 0O

This matrix is also to be written on tape number 21 that is to

be initialized and identified as T4334. Figure 1 demonstrates
how this information could be written on a coding form to facili-
tate keypunching to cards.
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READIM--4/6

Tape Data Input Form

Required entries are denoted with an * gymbol below. Any
other entry is optional. Only one card is used for each matrix
read.

Card Format
Columns Type (1) Entry

One Card 1-6 A *Name of matrix to be read
from the Read-Tape.

10 Zero. The Read-Tape will
move forward from its present
position and search to the
end of the tape. If the
matrix is not found upon the
first end-of-tape encounter,
the tape will automatically
rewind and make one more pass.
If it is not found on the
second end-of-tape encounter,
an error message will be
printed and the program will
stop.

7-10 I or Minus the location number of
matrix on the Read-Tape.
Tape will be positioned at
the beginning of the location
specified and then continue
as described above for a zero
in column 10.

11-15 I *The Read-Tape Number. (e.g., 11).
If positive, the matrix read
will be printed in the output.
If negative, the matrix read
will not be printed in the

output.
16-21 A *Run number of matrix to be
read from the Read-Tape.
22-27 REWIND. The Read-Tape will
be rewound before being used.
22-25 or LIST. The Read-Tape will be
listed by Subroutine LTAPE.
22-27 or Anything else will be con-

sidered as part of the remarks
described below.
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Write-Tape Options

READIM--5/6

Card Format
Columns Type (1) Entry

28-69 A Any remarks to further iden-
e tify the input matrix.

72 $. Only if the Write-Tape
is to be initialized by Sub-
routine INTAPE. The Write-
Tape identification will be
from card columns 73-78.

72 or Anything other than § if the
Write-Tape is not to be ini-
tialized.

73-78 A The Write-Tape identification.
(e.g., T1234). Use with § in
card column 72.

73-78 or REWIND. The Write-Tape will
be rewound before being used.

73-76 or LIST. The Write-Tape will
be listed by Subroutine LTAPE
after the matrix has been
written on the Write-Tape.

73-78 - or Anything else will be ignored.

79-80 I The Write-Tape Number. (e.g., 21).

or Blank if the matrix is not

| . to be written on tape.

Note (1) Format Type A allows any keypunch symbol.
Format Type I allows only integer numbers right justi-
fied in the field.

As examples of tape input to Subroutine READIM consider:

Example 1.

Example 2.

Figure

A matrix named AB2 with run number of RUN-46 is to
be read from tape number 11 into the computer and
printed. This matrix i{s also to be written on tape
number 22 that is to be initialized and identified
as T4321.

A matrix named XYZ4 with run number of TKD is on tape
number 13 twice. The first time is at location 29 and
the second time Is at location 54. It is desired to
read the second matrix.

2 demonstrates how these two examples would be written

on a coding form to facilitate keypunching to cards.
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READIM--66
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RTAPL

Subroutine RTAPE reads a selected matrix from tape (disk) into
the computer core. The matrix to be selected is identified by the
desired run number and matrix neme. This procedure is accomplished
by searching the matrix headings (see Subroutine WTAPE writeup)
until a match with the desired run number and matrix name is ob-
tained and then reading the matrix elements from tape (disk) into
the computer core. The search starts from the currert position
(does not rewind) of the tape (disk) and proceeds to the EOT (end
of tape defined in Subroutine WTAPE writeup). If the desired
matrix was not found upon reaching the EOT, a rewind is performed
and one more search to the EOT is made. If the desired matrix is
again not found, (1) an error message is printed, (2) a listing
of the matrix headings is printed (see Subroutine LTAPE writeup),
and (3) transfer is made to Subroutine ZZBOMB where the program
is terminated.
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START

Subroutine START performs the following operations:

1)

2)

3)

4)

5)

Run number,

Reads Input Card 1 for the run number (any keypunch
symbol in card columns 1 thru 6) and the user's name
(any keypunch symbol in card columns 11 thru 28).

If the run number is equal to STOP (Card columns 1
thru 4), the run is terminated.

If the run number is not equal to STOP, the run con-
tinues in Subroutine START as follows.

Reads Input Card 2 for Title Card i. Any keypunch
symbols may be used in Card columns 1 thru 72.

Reads Input Card 3 for Title Card 2. Any keypunch
symbols may be used in Card columns 1 thru 72.

Initializes page number as zero for use in Subroutine
PAGEHD.

Interrogates computer for the date,

date, page number, user's name, Title Card 1, and

Title Card 2 are transferred. by a COMMON block labeled LSTART for
use in other subroutines PAGEHD, PLOT1, PLOT2, PLOT3, and WTAPE,

Subroutine START is used to start each computer run in the
FORMA system and will normally be the first subroutine called in
a computer program. As an example, pertinent statements from a
program using START could be:

A-18

1 CALL START

GO TO 1
END

R. L. Wohlen
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WRITE

Subroutine WRITE writes a matrix of real numbers (a Fortran
term for numbers with a decimal point) on paper. A group of up
to ten consecutive elements from a row of the matrix are printed
on each line. If all of the elements of a group are zero, printing
of this line is suppressed.

. Each matrix printed begins on a new page. On each page of
printout is the page heading given by Subroutine PAGEHD, the name
of the matrix, and the row size and column size of the matrix.
This is followed by the matrix data. On any line of matrix data
the first integer number is the row number of the matrix elements
on that line. The second integer number 1s the column number of
the matrix element in the first data field. The next group of
real numbers (up to ten) are the values of the matrix elements.

This group of matrix elements is given in consecutive column order.
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WRITIM

Subroutine WRITIM writes a matrix of integer numbers on paper.
A group of up to twenty consecutive elements from a row of the
matrix are printed on each line. If all of the elements of a
group are zero, printing of this line is suppressed.

Each matrix printed begins on a new page. On each page of
printout is the page heading given by Subroutine PAGEHD, the name
of the matrix, and the row size and column size of the matrix.
This is followed by the matrix data. On any line of matrix data
the first integer number is the row number of the matrix elements
on that line. The second integer number is the column number of
the matrix element in the first data field. The next group of
integer numbers (up to twenty) are the values of the matrix ele-
ments. This group of matrix elements is given in consecutive
column order.

2 ’ R. L. Wohlen
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WTAPE--1/2

Subroutine WTAPE writes matrix data at the end of existing
written matrix data on a FORMA tape (disk is preferred, see below).
Each set of matrix data consists of two logical records. The first
record contalns the matrix heading (tape identification, location
number, run number, matrix name, number of rows of matrix, number
of columns of matrix, date, and the word "dense"). The second
record consists of the matrix elements.

A schematic representation of the tape (disk) is given by the
following sketch.

Beginning
of
tavpe (disk)
Hy | By | Hp | E2 | .- Ho | E | EOT é
where
Hi = Matrix heading of the ith written matrix,
: th
Ei = Matrix elements of the 1 written matrix,
EOT = End of Tape. Data written by Subroutine WTAPE or

INTAPE that all FORMA tape subroutines recognize as
being the end of written data.

Each vertical line is an end of logical record put on by com-
puter system's routines. The tape is written 1o binary form as
opposed to binary coded decimal (BCD) form.

To find the end of written matrix data, a search is made of
the matrix headings until the EOT 1is found. For this reason, a
"new" tape (disk) must be initialized with Subroutine INTAPE so
that the tape (disk) contains an EOT. A "new' tape (disk) is de-
fined to be a tape (disk) for which it is desired to start writing
matrix data at the front of the tape (disk). Thus, a "new'' tape
(disk) could be one with obsolete FORMA matrix data on it as well
as one that has never been written on by the FORMA system. When
the EOT is found, a backspace operation is done over the EOT, and
then the current matrix heading, current matrix elements, and a
new EOT is written.
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WTAPE--2/2

A disk is preferred to a tape for the following reason. Be-
cause of the physical separation of the read and write heads on
most tape drives there may be tape tolerance problems thus back-
spacing over the EOT is usually not successful, Instead of ending
up positioned in fromt of the EOT, the write head is often posi-
tioned in front of the previous matrix elements (En in the above

sketch). The current matrix heading will be written over the pre-
vious matrix elements. This causes problems later when trying to
read the records written on the tape. To alleviate this problem,
it is strongly recommended that all FORMA tape subroutines (INTAPE,
LTAPE, RTAPE, WTAPE, and UPDATE) use an intermediate device such
as a disk. At the start of a computer runm, the existing tape
should be copied onto the disk by using computer control cards.
Likewise, at the end of the rum, the disk should be copied back
onto tape by using computer control cards.

R. L. Wohlen
May 1971
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APPENDIX B -- BASELINE USER-PAK DEFINITION

N
This appendix presents a listing of the seven subroutines and
two functions which comprise the basic user-supplied packages
required for any simulation.
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